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Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA. GEORGIA 30332 
December 10, 1980 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 
Washington, D.C. 20012 
Attention: Contracting Officer's Technical Representative 
Contract No. DAMD17-80-C-0190, Project A-2812 
Subject: Monthly Letter No. 1 for Reporting Period 
1 November 1980 to 1 December 1980 
Dear Sir: 
This project has an official initiation date of 1 November 1980 
and has been funded for the first five months of its 16-month duration. 
Major efforts during this first reporting period were concerned with 
organizing the project staff and initiating a review of the trans-
mitter design. 
The project staff will consist of Messrs. Bernard Jenkins and Paul 
Friederich plus consultant imputs from Messrs. Clif Burdette and John 
Jones. Mr. Jenkins has extensive experience in the design of electronic 
devices and systems. This experience includes design of two high power 
transmitters that have been used as radar simulators for the past decade. 
Mr. Jenkins has incorporated numerous design modifications and upgradings 
in these transmitters. His design experience in electronic circuitry is 
considerable, especially in the areas of pulse generators such as those 
used in implantable cardiac pacemakers. Mr. Friederich has worked exten-
sively with laboratory electronic equipment on bioeffects research projects, 
and will contribute to this project in the area of system integration and 
checkout. Both Mr. Jenkins and Mr. Friederich have been major contributors 
to current WRAIR projects, one of which involves the design and construction 
of a high power transmitter for enzyme inactivation. 
After reviewing transmitter requirements as presented in the contract, 
it was concluded that the basic block diagram of the transmitter in the 
proposal will be adequate. Detailed design specifications for individual 
blocks on this diagram have been reviewed, especially in terms of component 
compatibility, signal loss, etc. From this review, it is noted that the 
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Hughes Model 41667H Gunn-effect Oscillator is vavactor-tuned, and has a 
50 mW output plus a voltage-tuned bandwidth of ± 200 MHz. The oscillator 
will be factory tuned to 35 GHz, and rnay then be mechanically tuned ± 50 
MHz about this center frequency. Its . power and frequency stabilities 
are -0.05 dB/°C and -2.0 MHz/°C, respectively, and its AM noise level is 
typically -115 dBc. In view of the performance capabilities, this 
oscillator will provide a highly satisfactory signal source for the 
transmitter. 
Similar reviews of the performance capabilities of the PIN diode 
switch, ferrite modulator, and leveler have been conducted, and suitable 
devices for each of these functions have been identified. During the 
following reporting period, performance capabilities for other blocks 
on the diagram will be reviewed and acceptable vendor devices will be 
identified. Current cost and delivery information will then be obtained 
from vendors. 
APPROVED: 
F. L. Cain, Director 
Electronics Technology Laboratory 
J. C. Toler, 
Project Director 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
February 18, 1981 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 




Dr. John Jacobi 
Contract No. DAMDll-80-C-0190, Project A-2812 
Monthly Letter 2 for Reporting Period 1 December 
1980 to 1 January 1981 
The purpose of this research project is to design, develop, and 
test a high power, 35-GHz transmitter with variable pulse widths and 
pulse repetition rates for use in studies of the biological effects of 
millimeter-wave electromagnetic radiation. The transmitter is intended 
to simulate the operation of electro-optical countermeasures 
instrumentation with respect to pulse characteristics and power levels 
while providing a highly-controllable and repeatable dose of 
electromagnetic energy to the biological system under investigation. 
During this reporting period, the second increment of funding 
($138,612) was received. The project is now fully funded at $207,918. 
The primary technical efforts during this reporting period were 
concerned with reviewing the proposed transmitter design and 
incorporating changes as necessary to finalize this design. Also, Dr. 
Steve Sharpe joined the project staff during this reporting period and 
assumed major responsibilities for system design. 
After reviewing the proposed transmitter design, the final design 
shown in Figure 1 evolved. In this design, the exciter generates a 
stable 35 GHz signal at a level of +20 dBm. One of the changes from the 
proposed design involves the Automatic Frequency Control (AFC) loop 
which, in Figure 1, is part of the exciter. In the proposed design, the 
AFC loop was derived from the bidirectional coupler located after the 
klystron amplifier. This configuration would permit the loss of AFC in 
the case of klystron shutdown resulting from a large initial frequency 
drift that could occur, for example, at startup. If this initial drift 
were outside the klystron bandwidth, the tube would malfunction, thereby 
activating the shutdown system. This would eliminate any possibility 
for the AFC loop to stabilize the system. The revised design resolves 
this problem by taking the AFC signal from a point ahead of the critical 
klystron stage. 
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The 20-dBm output of the exciter is coupled to the modulator which 
consists of two PIN diode switches in series. Two switches are 
necessary to provide sufficient attenuation (60 dB) of the signal during 
the pulse-off cycle. Modulation is accomplished by the pulse generator 
switching the PIN diodes on and off in response to user-selected 
parameters (1-to-25 microsecond pulse widths and 100 Hz-to-10 kHz pulse 
rates). The modulated signal is next leveled by a ferrite device 
frequently used as a modulator; however, this device can not be used for 
signal modulation in this application because its switching rate is too 
slow. A manual amplitude control may also be incorporated into this 
modulator if desired. At the output of the ferrite modulator, the 
exciter signal will have suffered a maximum attenuation of 5 dB, 
resulting in a 15 dBm signal input to the klystron amplifier. This 
amplifier has a gain of 50 dB at 35 GHz, so the system design provides a 
5 dB safety margin in the drive signal. The amplifier stage 
incorporates various safety features such as thermal shutdown, arc 
detection, VSWR, etc. 
From the klystron amplifier, the signal is coupled into a 
bidirectional coupler which provides samples of forward and reflected 
power. The coupler will provide 40 dB of attenuation at the sampled 
ports so amplitudes of the power signals will be manageable. The 
sampled forward and reflected signals are then further attenuated and 
used to compute VSWR, net power, and duty factor. Net power and VSWR 
are used in the leveling and shutdown circuits, respectively. Light 
emitting diode (LED) readouts of these quantities will be available. 
Finally, the amplified signal is fed to a motor-driven waveguide 
switch where it is routed to either a resistive load or an E-H tuner. 
The E-H tuner will provide the means for matching the output signal to 
the antenna which is to be provided by WRAIR. 
During the next reporting period, overall subsystem designs will be 
completed for the exc,iter and pulse generator. Additionally, detailed 
circuit designs at the component level will be completed for these two 
subsystems. Efforts will be initiated to obtain final cost and delivery 
information for major items within the system (oscillator exciter, PIN 
diodes, ferrite modulator, klystron, coupler, etc.). 
Approved: 
F. L. Cain, Director 
James C. Toler 
Project Director 
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Figure 1. Block diagram of 35-GHz transmitter. 
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Dr. John Jacobi 
Contract No. DAMD17-80-C-0190, Project A-2812 
Monthly Letter 3 for Reporting Period 1 January 1981 
to 1 February 1981 
The purpose of this research project is to design, develop, and 
test a high power, 35-GHz transmitter with variable pulse widths and 
pulse repetition rates for use in studies of the biological effects of 
millimeter-wave electromagnetic radiation. The transmitter is intended 
to simulate the operation of electro-optical countermeasures 
instrumentation with respect to pulse characteristics and power levels 
while providng a highly-controllable and repeatable dose of 
electromagnetic energy to the biological system under investigation. 
During this reporting period, major efforts were concerned with 
design of the exciter and pulse generator subsystems of the overall 
transmitter system. Also, information on current costs and delivery 
schedules for several primary components of the transmitter were 
obtained. 
A block diagram of the exciter is shown in Figure 1. The exciter 
consists of a 35-GHz, solid-state, voltage-controlled, Gunn oscillator 
plus an Automatic Frequency Control (AFC) loop and a digital frequency 
counter. The oscillator output is isolated for protection and routed to 
a directional coupler. A sample of the 35 GHz signal is obtained from 
the coupler and mixed in a harmonic mixer with the third harmonic of a 
11.5 GHz signal from a phase locked source. The resulting nominal 500 
MHz intermediate frequency is then amplified and divided by 256 in a UHF 
prescaler. The divided signal is then routed to both a discriminator 
circuit and a counter. The discriminator compares this input signal 
with a crystal-controlled reference signal and generates an appropriate 
error signal. The error signal is coupled through filter and interface 
circuits and used to correct frequency drift in the oscillator. The 
frequency counter uses the same reference to provide a readout of signal 
frequency. Accuracy of both the AFC loop and the frequency counter is + 
5 parts per million (±175kHz) over the specified temperature range. 
AN EGIUAL EMPLOYMENT /EDUCATION OPPORTUNITY INSTITUTION 
Monthly Letter 3 
February 18, 1981 
Page Two 
The pulse generator block diagram is shown in Figure 2. This 
generator incorporates a digital frequency synthesizer to control pulse 
repetition rate and a counter to control pulse duration. BCD thumbwheel 
switches are used to set pulse rate from 100 Hz-to-10 kHz in 100 Hz 
steps, and pulse duration from 1-to-25 microseconds in 100 nanosecond 
steps. The synthesizer employs a phase lock approach in which a voltage-
controlled oscillator is forced to operate at a frequency n times that 
of the reference frequency. Thus, a 100 Hz reference, and values of n 
between 1 and 100, result in a pulse rate of 100 Hz-to-10 kHz in 100 Hz 
steps. Pulse duration is controlled with a presettable down-counter and 
a 10 MHz clock (which is also used to generate the reference for the 
synthesizer). At the start of each pulse, the counter is preset to a 
number between 10 and 250 corresponding to the desired pulse duration 
set by the thumbwheel switches. The counter counts at the 10 MHz clock 
rate until zero is reached, at which point the pulse is terminated and 
the counter reset. 
Outputs from the pulse rate and duration circuitry are then 
interfaced to the PIN diodes used to modulate the primary transmitter 
signal. 
A partial listing of system components and their current cost is 
presented below: 
o Hughes 47241H-2110 Gunn Oscillator, $2210 
o TRG-AllO Isolator, $515 
o TRG-A750 PIN Diode Switches, $3570 
o TRG-Al30 Ferrite Modulator, $1005 
o Hughes 4551H-2000 Waveguide Switch, $2665 
o TRG-A559-10 Directional Coupler, $475 
o TRG-A521-20 Fixed Attenuators, $320 
o TRG-A520 Variable Attenuator, $250 
Manufacturer and cost information for other system components will be 
identified during the next reporting period. It is also anticipated 
that, during the next reporting period, a project review meeting will 
need to be held with WRAIR. The purpose of this meeting will be to 
review the final system design and incorporate any WRAIR redirections 
prior to ordering the major system components. 
Respectfully submitted, 
James C. Toler 
Project Director 
Electronics and Computer Systems Laboratory 
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Figure 2. Block Diagram of pulse generating circuitry for 35-GHz transmitter. 
/ 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
March 25, 1981 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 
Washington, D.C. 20012 
Attention: Dr. John Jacobi 
Contract No. DAMD17-80-C-0190, Project A-2812 
Subject: Monthly Letter 4 for Reporting Period 1 February 1981 
to 1 March 1981 
Dear Sir: 
The purpose of this research project is to design, develop, and 
test a high power, 35-GHz transmitter with variable pulse widths and 
pulse repetition rates for use in studies of the biological effects of 
millimeter-wave electromagnetic radiation. The transmitter is intended 
to simulate the operation of electro-optical countermeasures 
instrumentation with respect to pulse characteristics and power levels 
while providing a highly-controllable and repeatable dose of 
electromagnetic energy to the biological system under investigation. 
During the previous three reporting periods, the major technical 
efforts were concerned with first reviewing, and then finalizing, both 
the overall transmitter design and the detailed .design of each important 
subsystem. These design efforts reached a point during this reporting 
period where it seemed advisable to present a project review to the WRAIR 
sponsors. Consequently, on 10 February 1981, a review meeting was held 
at WRAIR wi.th the following attendees: Messrs. L. Larsen and John Jacobi 
or WRAIR and J. Toler, S. Sharpe, and F. Cain of Georgia Tech. Dr. Sharpe 
reviewed design details of the transmitter and its subsystems, explaining 
in particular areas where deviations from the proposed design appear de-
sirable. Each design deviation was discussed at length and decisions 
were made to the effect that each deviation should be incorporated. In 
subsequent discussions, the following areas were reviewed: 
• WRAIR has spbmitted a purchase order to their procurement office 
for the Klystron required by the power amplifier. The suggested 
vendor for the klystron is Varian, and the approximate cost is 
$45,000. 
• The transmitter developed under this program must provide the 
po~er supply for the klyston. Therefore, it is essential that 
we coordinate closely with Varian to assure a proper interface 
between the klystron and power supply. Efforts toward this end 
have been highly unsatisfactory to date because of difficulty in 
obtaining information from Varian. Based on unofficial telephone 
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conversations with several different Varian employees, it appe_ars 
that Varian does not want to build ·the power supply for their kly-
stron. Reasons for this are not clear, and the matter will be 
pursued further. Ideally, fabrication of the klystron purchased 
by WRAIR and the power supply purchased by Georgia Tech ~ould 
proceed simultaneously to assure that the two components function 
properly as an integrated subsystem. 
• The anechoic chamber into which.the transmitter will operate was 
visually inspected, and dimensions of the area available for tran-
mitter location were noted. 
• Waveguide losses at 35 GHz (approximately 0.1 dB per foot) were 
discussed in terms of (1) a location for the transmitter output on 
the equipment cabinet and (2) the minimum distance between the tran-
mitter output and the antenna. Circular waveguide and mode converters 
might be used to reduce these losses, but there are questions regard-
ing the power rating of mode converters. To assist WRAIR in solving 
this problem, mechanical drawings of the transmitter layout are to be 
provided as soon as they are available. 
• Based on agreement with the design direction of subsystems, equipment 
items costing $1000 or more should be identified and submitted to 
WRAIR for approval. 
As a follow~up to the requirement to obtain approval for purchase of 
equipment items costing $1000 or more, correspondence identifying six items 
was submitted to WRAIR on 27 February 1981. The six items and their ··current 
costs are as follows: 
1 Hughes A7271H-2110 Gunn Oscillator, $2210 
2 TRG-A750 Pin Diode Switches, $3570 
1 TRG-Al30 Ferrite Modulator, $1005 
1 Hughes 4551H-2000 Waveguide Switch, $2665 
1 Hughes 47431H-2002 Harmonic Mixer, $1865 
1 Mitez 110115B Phase Locked Source, $1225 
During the next reporting period, it is anticipated that approval to 
procure the above items will be received and purchase orders will be placed. 
Additionally, initial breadboarding of several circuits for the transmitter 
should begin. 





Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
April 7, 1981 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 
Washington, DC 20012 
Attention: Dr. John Jacobi 
Contract No. DAMD17-80-C-0190, Project A-2812 
Subject: Monthly Letter 5 for Reporting Period 1 March 1981 
to 1 April 1981 
Dear Sir: 
The purpose of this research project is to design, develop, and 
test a high power, 35-GHz transmitter with variable pulse widths and 
pulse repetition rates for use in studies of the biological effects of 
millimeter-wave electromagnetic radiation. The transmitter is intended 
to simulate the operation of electro-optical countermeasures 
instrumentation with respect to pulse characteristics and power levels 
while providing a highly-controllable and repeatable dose of 
electromagnetic energy to the biological system under investigation. 
As noted in the last monthly letter, correspondence identifying six 
equipment items, each costing $1,000 or more, was submitted to WRAIR with 
a request for approval to purchase. Purchase approval was received during 
this period, and purchase orders for these equipment items have been sub-
mitted. When the necessary bids for each item are received, decisions will 
be made regarding vendors. 
Three firms (Universal Voltronics, Hypotronics, and Spellman) have been 
contacted regarding the klystron power supply mentioned in the last monthly 
letter. It appears that Universal Voltronics can deliver a supply capable of 
producing both beam and filament current, and also incorporating an integral 
crowbar shut-down system. The only difficulty now anticipated involves the 
size of the supply. A standard model from Universal Voltronics is at least 
2' x 2' x 6' and weighs over 1,000 lbs. However, there is a possibility, 
according to the company, that a smaller unit may be built if space is a prem-
ium. In addition, it would be possible to locate the supply remotely since 
only small cables (filament, high voltage, ground, and shut-down) are needed 
between the supply and the transmitter. Similar supplies made by the other 
firms mentioned above are not significantly smaller. More information on the 
Universal Voltronics power supply will be obtained during the next reporting 
period. 
AN EQUAL EMPLOYMENTIEOUCATION OPPORTUNITY INSTITUTION 
Monthly Letter No. 5 
April 7, 1981 
Page Two 
During the project review meeting at WRAIR, the pulse rate synthesizer 
was discussed because several previous designs had given trouble. During 
this reporting period, the synthesizer circuit was breadboarded and tested. 
The circuit performed as expected with no perceptible jitter or noise. How-
ever, one slight modification is under consideration which will reduce wiring 
between the circuitry and the front panel by multiplexing the BCD switches. 
Such an approach reduces assembly time and increases reliability, in addition 
to simplifying repair, should that ever be necessary. 
During the next reporting period, decisions should be made regarding 
the klystron power supply vendor. Also, purchase orders for major subsystems 
should be placed, and breadboarding of circuits will continue. 
F. Cain, Director 





Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
May 13, 1981 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 





Dr. John Jacobi 
Contract No. DAMD17-80-C-0190, Project A-2812 
Research and Development of a Millimeter Wave Transmitter 
System 
Monthly Letter 6 for Reporting Period 1 April 1981 to 1 
May 1981 
The purpose of this research project is to design, develop, and 
test a high power, 35-GHz transmitter with variable pulse widths and 
pulse repetition rates for use in studies of the biological effects of 
millimeter-wave electromagnetic radiation. The transmitter is intended 
to simulate the operation of electro-optical countermeasures instru-
mentation with respect to pulse characteristics and power levels while 
providing a highly-controllable and repeatable dose of electromagnetic 
energy to the biological system under investigation. 
During this reporting period, major efforts were concerned with 
resolving questions associated with the best approach for providing the 
klystron power supply. Also, some of the system components are beginning 
to be delivered, and efforts were expended in interfacing with component 
vendors. 
As noted in the last monthly letter, contacts were made with three 
possible power supply vendors, and of the three, Universal Voltronics 
seemed most able to satisfy technical requirements dictated by the klystron. 
Their power supply would provide both beam and filament current, and 
incorporate an integral crowbar shutdown system. The one difficulty 
with the power supply was the fact that it weighed over 1000 pounds and 
was quite large. At the suggestion of Dr. J. Jacobi, WRAIR, a California 
power supply company by the name of ETM Electromatics was contacted 
during this reporting period. Technical requirements for the klystron 
were conveyed to Mr. Chuck Hayes of ETM, and a satisfactory power supply 
design was identified. The ETM power supply will apparently be somewhat 
smaller than the one proposed by Universal Voltronics, and about 20 
percent higher in cost. An attractive feature offered by ETM stems from 
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May 13, 1981 
the fact that they are located in close proximity to Varian, the klystron 
vendor. This makes it possible for ETM to obtain the klystron from 
Varian and interface it with their power supply. ETM would then deliver 
to us a unit containing the interconnected and checked out power supply 
and klystron. 
Since all interactions with power supply vendors have been verbal 
to date, formal letters requesting official quotations were prepared and 
sent to Universal Voltronics and ETM Electromatics. These letters contained 
detailed technical requirements and requested cost information for inte-
grating the kylstron and power supply prior to shipment to us. Responses 
to these letters are expected during the next reporting period. 
In initial contacts with vendors of system components other than 
the klystron and its power supply, long delivery times were quoted for 
several of the passive items (waveguide, tuners, couplers, etc.). These 
components were ordered first, and the waveguide has now been received. 
Follow-up contacts with vendors for other components indicate that these 
long-lead-time items should be received in the near future; therefore, 
their delivery should not pose problems as system assembly begins. 
During the next reporting period, formal quotations should be 
received from the klystron power supply vendors, and final decisions 
regarding the power supply source can be made. Also, many of the other 
system components should be received. 
F. L. Cain, Director 
Respectfully submitted, 
J. C. Toler 
Project Director 
Electronics and Computer Systems Laboratory 
' • 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
June 19, 1981 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 





Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
Research and Development of a Millimeter Wave 
Transmitter System 
Georgia Tech Project A-2812 
Monthly Letter 7 
Reporting Period 1 May 1981 to 1 June 1981 
The purpose of this research project is to design, develop and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse 
repetition rates for use in studies of the biological effects of millimeter-
wave electromagnetic radiation. The transmitter is intended to simulate 
the operation of electro-optical countermeasures instrumentation with 
respect to pulse characteristics and power levels while providing a 
highly-controllable and repeatable dose of electromagnetic energy to the 
biological system under investigation. 
Technical efforts during this reporting period have been directed 
to the power supply fer the klystron amplifier. As noted in earlier 
monthly reports, bids for the power supply were solicited from Electromatic, 
Inc., Universal Voltronics Corp., and Megavolt Corp. These bids have 
been received, and all appear to meet the basic specifications (see 
Attachment 1); however, major decisions are yet to be made because (1) 
wording in the bids is such that, in certain key instances, it is difficult 
to know exactly what is proposed, (2) some bids include features not in 
the other bids, and (3) cost estimates vary by approximately 150 percent. 
Specific comments are as follows: 
1. Personnel at Megavolt, Inc. appear most eager to undertake the 
work and call frequently to check on the status of bid evaluations. 
Conversely, personnel at Electromatic Corp. do not appear to 
want ~he work and it is difficult to get them to return telephone 
calls inquiring about differ aspects of their bid. 
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2. The Electromatic, Inc. bid is the only one to propose delivery 
of an integrated power supply and tube assembly. The other 
vendors are willing to add this integration to their bids, but 
do not appear eager for the task. Informal estimates of the 
cost for the integration effort proposed by Electromatic, Inc. 
is $25,000. 
3. Design techniques for achieving the specified performance 
requirements vary considerably from one bid to another. These 
techniques are being investigated to determine their adequacy. 
For example, Megavolt Corp. proposes a spark gap crowbar with 
a response time of 25 milliseconds or less. Electromatic, 
Inc. proposes an electronic crowbar with a response time of 10 
microseconds or less. 
4. It is difficult to compare the bids in-so-far as protective 
fedtures are concerned. More specifically, it can not be 
determined from the bids whether individual protective features 
are provided or whether only the capability for protective 
features is provided. 
5. The power supply weight varies drastically among the bids. 
For example, the Universal Voltronics Corp. supply will weigh 
4000 pounds while the Megavolt Corp. supply will weigh only 
500 pounds. 
The above comments represent several of the technical areas that 
are now being investigated in an effort to finalize the choice of a 
power supply vendor. 
Additionally, waveguide components were received during this reporting 
period; however, the voltage-controlled oscillator and millimeter-wave 
components from Miteq have not been received. 
Approved: 
F. L. Cain, Director 
Respectfully submitted, 
James C. Toler 
Project Director 
Electronics and Computer Systems Laboratory 
ATTACHMENT 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
May 29, 1981 
Mr. Bob Bergman 
Megavolt Corporation 
110 Hobart Street 
Hackensack, N.J. 07605 
Dear Bob, 
The following specifications pertain to the klystron power supply 




















20 ~ s 
25A 
3-6A (adjustable) 
Safety of the tube is of paramount importance. The tube must be 
protected against arcing, overtemperature, body current, electromagnet 
under current, and excessive VSWR. In addition, the filament voltage 
must be applied gradually with no more than SA surge current. A 10 
minute delay is required between the application of filament voltage and 
beam voltage. The electromagnet current must be applied before the beam 
voltage. 
Additional details concerning tube requirements may be obtained 
from Stan Allen at (415) 493-4000 extension 4248, or Earl McCune at 
(415) 493-4000 extension 2933, both at Varian. It would be very desirable 
if the tube and power supply could be integrated as a single unit. We 
would appreciate a quote on both price and delivery at your earliest 
convenience. If I can be of any further assistance, please feel free to 
contact me. 
Steven M. Sharpe 
Research Engineer II 
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Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
Research and Development of a Millimeter Wave Transmitter 
System 
Georgia Tech Project A-2812 
Monthly Letter 8 
Reporting Period lJune 1981 to 1 July 1981 
The purpose of this research project is to design, develop and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse 
repetition rates for use in studies of the biological effects of milli-
meter-wave electromagnetic radiation. The transmitter is intended to 
simulate the operation of electro-optical countermeasures instrumentation 
with respect to pulse characteristics and power levels while providing a 
highly-controllable and repeatable dose of electromagnetic energy to the 
biological system under investigation. 
Technical efforts during this reporting period have continued to be 
primarily concerned with finalizing requirements for the klystron power 
supply and obtaining formal bids from power supply manufacturers. The 
efforts have proceeded at a slow pace because the sketchy nature of the 
Varian Type VA 928 Klystron tube specifications has made it difficult to 
finalize a set of specifications for the power supply manufacturers to 
bid on. The sketchy nature of these specifications is evident in the 
fact that essentially the only information available is a single drawing 
several years old. This situation is thought to exist because very few 
of the Type VA 928 tubes have ever been manufactured; however, Varian 
engineers are now indicating that an up-to-date drawing is being made, 
and hopefully more complete technical specifications will be included. 
This drawing should be available during the next reporting period. 
The last monthly report contained a copy of the power supply specifi-
cations that were submitted for bids. Results from the bids are summarized 
in the attached table. A bid was also invited from Spellman, Inc. in 
Plainview, NY, but no formal response was received. As indicated in the 
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table, a power supply purchased from Megavolt Corporation appears to be 
in the best interest of the program. Engineers from Megavolt have shown 
a strong interest in the power supply and have offered numerous helpful 
suggestions on both the power supply design and its integration with the 
tube. This is in sharp contrast to Electrornatic, Inc. who takes days to 
return a telephone call and offers minimal technical help. Plans have 
been made to visit Megavolt Corporation (and possibly Universal Voltronics 
Corporation) on 22 July 1981. 
In addition to the technical information in the attached table, 
other information is presented regarding the size of the three companies. 
This information was available in the Georgia Tech library. Telephone 
conversations with personnel from Spellman, Inc. indicated that Universal 
Voltronics Corporation tends to buy available power supplies and modify 
them as necessary to meet customer specifications. Megavolt Corporation, 
on the other hand, is inclined to design and build power supplies to 
meet customer specifications. Both Megavolt Corporation and Universal 
Voltronics Corporation were requested to provide a list of at least 
three customers that could be contacted for reference. Megavolt Corpo-
ration complied with this request and, when the references were contacted, 
highly favorable comments were obtained. It was interesting to note 
that, for the most part, the power supplies provided by Megavolt Corpo-
ration to the references were generally higher voltage units than what 
is required by the Varian tube. The Megavolt Corporation references 
were also asked to comment on any past experience with Universal Voltronics 
Corporation. These comments indicated that, in the past, service was 
difficult to obtain from Universal Voltronics. There was a major manage-
ment change about 18 months ago, and this situation may have improved by 
now. 
During the next reporting period, a final decision on the power 
supply vendor will be made. Prior to this decision, Megavolt Corporation 
(and perhaps Universal Voltronics Corporation) will be visited and opinions 
will be coordinated with WRAIR. 
F. L. Cain, Director 
Respectfully submitted, 
James C. Toler 
Project Director 
Electronics and Computer Systems Laboratory 
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Power Supply Requirements 
Megavolt Corporation 
Hackensack, N.J. 
12 kV output at 1.0 amp max. (adjust.) Yes 
5.5 V output at 3.0 amps Yes 
0.1 percent HV regulation Yes 
0.01 percent HV ripple Yes 
20 microsecond crowbar response time Yes 
25 amp Hv current limit Yes 
150V output at 3-to-6 amps (adjust.) Yes 
Arcing protection (~$2550) No 
Over temperature protection Yes 
Body current protection Yes 
Electromagnet undercurrent protection Yes 
VSWR protection Yes 
5.0 amp max. surge current for 
filament 
Integration with klystron 







Number of Employees 





208V, 3 , 70A 
6 months 
500 pounds 






* Could possibly be reduced in width 
Universal Voltronics Corp. 
















208V, 3 , 60A 
6 months 
2000 pounds 






** Includes $3100 for high speed crowbar not originally requested. 
Electromatic, Inc. 


















208V, 3 , 60A 
8 months 
1800 pounds 
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Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
Research and Development of a Millimeter Wave Transmitter 
System 
Georgia Tech Project A-2812 
Monthly Letter 9 
Reporting Period 1 July 1981 to 1 August 1981 
The purpose of this research project is to design, develop and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse 
repetition rates for use in studies of the biological effects of millimeter-
wave electromagnetic radiation. The transmitter is intended to simulate 
the operation of electro-optical countermeasures instrumentation with 
respect to pulse characteristics and power levels while providing a 
highly-controllable and repeatable dose of electromagnetic energy to the 
biological system under investigation. 
As was the case last month, most of the technical efforts during 
this reporting period were concerned with the klystron power supply. 
These efforts included travel to Megavolt Corporation and Universal 
Voltronics Corporation, followed by a submittal to the Contracting Officer 
requesting approval to purchase the power supply from Megavolt Corporation. 
Also, revised drawings of the klystron and its electromagnet were received 
from Varian. 
The travel to Megavolt and Universal Voltronics Corporations was 
made on 22 July 1981 by Mr. J. Toler and Dr. S. Sharpe. At Megavolt, 
Mr. Myron Kaufman, President, introduced two design engineers and the 
three of them used a draft schematic to review in detail their proposed 
power supply design. Several technical features of this design were 
questioned, and satisfactory answers were provided in each instance. 
Particular questions were directed to the Megavolt estimate of power 
supply weight and size (500 pounds and 19" x 24" x 72", respectively). 
These estimates were substantially smaller than estimates provided by 
other manufacturers. Since the transformer provides much of the weight 
and size in the power supply, its manufacturer was telephoned and asked 
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to check his bid to Megavolt. As a result of this call, the weight 
estimate was increased to 800 pounds and the size estimate was unchanged. 
Therefore, the Megavolt estimate of weight and size remains considerably 
below that of the other manufacturers. The manufacturing and assembly 
areas were briefly toured and power supplies comparable to the one required 
by the Varian Type VA 928 Klystron were observed in various stages of 
completion. The six-month delivery time in the Megavolt bid was said by 
Mr. Kaufman to be more than adequate and, in fact, he felt five months 
would be an adequate time. 
As a company, Megavolt has 10 employees and is housed in an modern 
brick building that appears less than 15 years old. There was apparently 
a management problem in the company until approximately March 1981, and 
this problem manifested itself in late delivery on orders. It was at 
this time that Mr. Kaufman took over, and he has since replaced all 
management and engineering personnel. With these changes, the delivery 
problems were said to be taken care of. 
The visit at Universal Voltonics Corporation (UVC) contrasted sharply 
with the Megavolt visit. The meeting was held in the office of Mr. Bob 
Pampin, Sales Director, and there was no design review. Instead, two 
engineering persons were invited into the meeting, and they questioned 
us about our approach to the overall transmitter design. A strong interest 
was expressed in their doing more than just providing the power supply. 
In fact, estimates were provided for UVC to assemble the transmitter and 
check it out after receiving the tube from Varian and the millimeter-
wave hardware from Georgia Tech. The engineers were apparently familiar 
with Varian tubes and spoke as if they might have worked with the Type 
VA 928 Klystron before. 
As a company, UVC is considerably larger than Megavolt and is housed 
in a large, modern two-story building. Mr. Pampin spoke of numerous 
orders for very large power supplies, and referred to our klystron power 
supply as "a little job." Calculations of weight for the power supply 
were made with the total being approximately 1500 pounds. 
After returning from the trip and rev1ew1ng both notes and impressions, 
a verbal recommendation that the power supply be purchased from Megavolt 
was conveyed to the Contract Monitor. The bases for the recommendation 
were discussed and verbal concurrence with the recommendation was received. 
A letter requesting formal approval to purchase from Megavolt was then 
prepared and submitted through contractual channels. Concurrently, a 
purchase requisition was submitted and will be allowed to proceed to the 
point of obtaining three bids. Upon receipt of the Army approval, it is 
expected that a purchase order will be placed with Megavolt. 
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During the next period, the updated tube drawings will be used to 
initiate the design for mounting hardware inside the equipment cabinet. 
Although all millimeter-wave components have not been received, the 
design of mounting hardware can begin because mechanical features of 
these components are known. 
~ . . . ... 
F. L. Cain, Director 
Electronics and Computer Systems Laboratory 
ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY • ATLANTA, GEORGIA 30332 
September 21, 1981 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 





Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
Research and Development of a Millimeter-Wave Transmitter 
System 
Georgia Tech Project A-2812 
Monthly Letter 10 
Reporting Period 1 August 1981 to 1 September 1981 
The purpose of this research project is to design, develop and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse 
repetition rates for use in studies of the biological effects of milli-
meter-wave electromagnetic radiation. The transmitter is intended to 
simulate the operation of electro-optical countermeasures instrumentation 
with respect to pulse characteristics and power levels while providing a 
highly-controllable and repeatable dose of electromagnetic energy to the 
biological system under investigation. 
During this reporting period, approval was received from the Army 
Contracting Officer to purchase the klystron power supply from Megavolt 
Corporation, Hackensack, N.J., and a Purchase Order was then placed with 
Megavolt. Telephone conversations were held with Mr. Myron Kaufman, 
President of Megavolt, to assure that technical, delivery, workmanship, 
etc. expectations were thoroughly understood. (These expectations were 
in addition to the technical specifications provided with the Purchase 
Order.) A record of these expectations was made and a copy was provided 
to Mr. Kaufman. 
A letter requesting approval ·to purchase a Varian Arc Detector was 
initiated but not submitted because questions arose regarding the detector's 
ability to respond to energy in the spectrum emitted by arcs resulting 
from 12 kV breakdown. Literature reviews and conversations with Varian 
personnel indicate that this should not be a problem; therefore, the 
approval letter is being submitted. 
On 18 August, 1981, Dr. S. Sharpe and Mr. E. Burdette presented a 
review of the technical status of the transmitter development to Mr. J. 
Jacobi at WRAIR. This review covered details of the power supply specifi-
cations, considerations related to component mounting within the equipment 
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cabinet, a review of the delivery dates for major equipments and components 
on order, etc. Based on currently projected delivery dates for equipments 
and components (including the klystron), it may be advantageous to postpone 
the transmitter delivery until May 1982. Such a postponement was discussed 
during the program review, and it was agreed that the task of interfacing 
the klystron tube with the power supply should not be rushed. No program 
redirections resulted from this program review. 
The current delivery status of equipment for the transmitter is 
indicated below: 
Equipment 
TRG Model A-130 Ferrite Modulator 
TRG Model A-620 E-H Tuner 
TRG Model A-670 Waveguide Bends 
TRG Model 521-20 Fixed Attenuator 
T~ Model A-520 Variable Attenuator 
TRG Model A-972 Detector 
TRG Model 559-10 Directional Coupler 
TRG Model A-750 Pin Diode Switch 
TRG Model A-690 Waveguide Sections 
TRG Model A-110 Isolator 
Baytron Model 3A-40/40 Directional Coupler 
Baytron Model 3A-55 500 W Load 
Hughes Model 47271H-2110 Gunn Oscillator 
Hughes Model 47431H-2002 Harmonic Mixer 
Miteq Model PLM-110115B Phase Locked Source 


















The Hughes and Miteq equipment should be delivered within the next 60-to-
90 days. Upon receipt of these equipments, build-up of the low power 
portion of the transmitter can begin. 
During the next reporting period, attention will be directed to the 
mounting of equipment and devices in the cabinet. Drawings of the arc 
detector will be obtained from Varian, and the cabinet design will be 
coordinated with Megavolt to assure that the appearance of the transmitter 
and its power supply are complementary. 
F. L. Cain, Director 
Respectfully submitted, 
James C. Toler 
Project Director 
Electronics and Computer Systems Laboratory 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA. GEORGIA 30332 
October 13, 1981 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 





Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
Research and Development of a Millimeter-Wave Transmitter 
System 
Georgia Tech Project A-2812 
Monthly Letter 11 
Reporting Period 1 September 1981 to 1 October 1981 
The purpose of this research project is to design, develop and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse 
repetition rates for use in studies of the biological effects of millimeter-
wave electromagnetic radiation. The transmitter is intended to simulate 
the operation of electro-optical countermeasures instrumentation with 
respect to pulse characteristics and power levels while providing a 
highly-controllable and repeatable dose of electromagnetic energy to the 
biological system under investigation. 
Much of the activity during this reporting period has involved 
continued monitoring of the status of orders placed for system devices 
and resolving problews with these orders. For example, a problem arose 
with the waveguide switch for routing the klystron output power to either 
the antenna or a dummy load. Neither Hughes nor TRG (the suggested 
vendors) could provide this switch with a pressurization capability. 
Numerous contacts with other vendors indicated that either no pressurized 
switch was available or that a custom designed/fabricated switch would 
be necessary. A bid for such a custom designed/fabricated switch was 
requested from Merrimac, and when recieved, the price was $2000 with a 
four-month delivery. Microwave Devices Laboratory is now quoting a 
pressurized switch for $900 with a four-month delivery; however, like 
all the other switches, it can only be operated when the output power is 
turned down. This raises the question of whether, under these circumstances, 
the pressurized switch and dummy load provide a useful capability. This 
matter will be discussed with the Program Monitor after more information 
on switch designs, ~ost, delivery, etc. is obtained. 
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Close contacts with Megavolt, Inc. continue 1n an effort to assure 
on-schedule delivery of a technically-acceptable power supply. Megavolt 
is in the process of moving theiT plant fro Hackensack, NJ to Deer 
Park, NY and this is a cause for concern with delivery. The main trans-
former for the power supply is scheduled for delivery to Megavolt during 
the first week in November. At that time, Megavolt personnel will be 
ready to begin integration of this transformer with the other components 
making up the power supply. 
During contacts with Megavolt, inquires have been made regarding 
the equipment cabinet they plan to use to house the power supply. The 
purpose of these inquiries has been to assure that a compatible cabinet 
can be provided for the other transmitter components. The power supply 
cabinet 1s 81 inches tall and has been ordered from the Par Metal 
Company in Brooklyn, NY. Brochures from this company have been requested. 
In the last Monthly Letter, a delivery status of equipment for the 
transmitter was provided. No other equipment items were delivered during 
this reporting period. However, equipment items for the low power portion 
of the transmitter should be received from Hughes and Miteq during the 
next reporting period. Upon receipt of these items, assembly of this 
portion of the transmitter will begin. 
F. L. Cain, Director 
Respectfully submitted, 
J. C. Toler 
Project Director 
Electronics and Computer Systems Laboratory 
. . 
ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY • ATLANTA, GEORGIA 30332 
November 24, 1981 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 





Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
Research and Development of a Millimeter-Wave Transmitter 
System 
Georgia Tech Project A-2812 
Monthly Letter 12 
Reporting Period 1 October 1981 to 1 November 1981 
The purpose of this research project is to design, develop and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse 
repetition rates for use in studies of the biological effects of milli-
meter-wave electromagnetic radiation. The transmitter is intended to 
simulate the operation of electro-optical countermeasures instrumentation 
with respect to pulse characteristics and power levels while providing a 
highly-controllable and repeatable dose of electromagnetic energy to the 
biological system under investigation. 
The major technical activities during this reporting period were 
concerned with defining requirements for the transmitter cooling system, 
investigating alternate designs for the leveling loop, and selecting a 
cabinet for housing the transmitter. Requirements for the Varian Model 
VA928-A Klystron cooling system are being defined in coordination with 
Mr. Stan Allen of the Varian Corporation. The system will have to provide 
a minimum cooling capacity of 12 kW and a total flow rate of 12 GPM. 
This flow will be divided into three separate channels with the following 
individual flow rates: 8 GPM, 3 GPM, and 1 GPM. Each channel will have 
a flow control valve and a flow meter on the supply side plus flow switches 
and temperature switches on the return side. The flow switches will be 
adjusted to actuate when flow decreases to 6 GPM in the 8 GPM channel, 2 
GPM in the 3 GPM channel, and 0.5 GPM in the 1 GPM channel. The system 
will also contain a deionizing train in the bypass arrangement, with an 
oxygen cartridge, an organic cartridge, and a mixed bed cartridge along 
with a particle filter. A conductivity meter will also be needed to 
monitor water purity. Electrical isolati~n requirements dictate three 
inlet and three outlet hoses with suitable connectors on each end for 
interfacing with the klystron. The length of these hoses is being deter-
mined based on the relative location of the klystron and cooling system 
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within the cabinet. Hose lengths approximately five feet in length are 
anticipated. If it is desired, the cooling system design can provide 
for remote (perhaps outside) location of the refrigeration condensers 
and fans. Such a remote location might be desirable to prevent the 12 
kW thermal load from being added to existing cooling requirements for 
the room air conditioning system. This will be discussed with the 
Program Monitor prior to defining final hose lengths. 
A catalog of equipment cabinets was received from Par Metal Company 
of Brooklyn, NY. This manufacturer is providing the cabinet for the 
Megavolt power supply, and will therefore be used as the vendor for the 
transmitter cabinet. The product line is thorough and the designs appear 
to be adequate for the transmitter. Prior to finalizing the cabinet 
requirements, the decision regarding location of the cooling system 
condenser and fans must be made. If these units are remotely located, 
the transmitter cabinet can be reduced in s1ze. 
Signals for power leveling loops are typically derived from the 
square law region of diodes. These signals are low in magnitude, require 
significant amplication, and are therefore subject to drift and noise 
problems. To circumvent these problems, measurements are being made 
with the diodes to determine the feasibility of providing leveling signals 
derived from the linear region of operation. Results to date indicate 
that the higher-amplitude signals from the diode's linear region of 
operation are satisfactory and represent a performance improvement in 
the power leveling loop. 
During the next reporting period, technical requirements for the 
transmitter cooling system will be finalized and an order for the system 
will be placed. Also, the source for leveling signals will be determined 
and design of the power leveling loop will be completed. Finally, efforts 
will be made to arrange a meeting with the Program Monitor to review the 
status of all aspects of the program. 
APPROVED: 
F. L. Cain, Director 
Respectfully submitted, 
J. C. Toler 
Project Director 
Electronics and Computer Systems Laboratory 
,4 Z2JZ 
ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY • ATLANTA, GEORGIA 30332 
December 31, 1981 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 





Mr. John . Jacobi 
Contract No. DAMD17-80-C-0190 
Research and Development of a Millimeter-Wave Transmitter 
System 
Georgia Tech Project A-2812 
Monthly Letter 13 
Reporting Period 1 November 1981 to 1 December 1981 
The purpose of this research project is to design, develop and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse 
repetition rates for use in studies of the biological effects of 
millimeter-wave electromagnetic radiation. The transmitter is intended 
to simulate the operation of electro-optical countermeasures 
instrumentation with respect to pulse characteristics and power levels 
while providing a highly-controllable and repeatable dose of 
electromagnetic energy to the biological system under investigation. 
The major technical activities during this reporting period were 
concerned with detailed design and breadboarding of various circuits 
required for the transmitter. The pulse synthesizer circuit was 
redesigned because an improved integrated circuit, which only recently 
became commerically available, can now accomplish the same functions 
that previously requi.red three integrated circuits. Such redesigns are 
costly to the project in terms of both funds and time; however, 
operational reliability and maintenance over the transmitter's lifetime 
should be substantially enhanced. In addition to this redesign, the 
design of circuitry to generate signals proportional to duty factor was 
completed. The output of this circuitry will be routed to meters on the 
transmitter front panel that will display duty factor. Designs were 
also initiated during this reporting period for the circuitry that will 
provide signals proportional to forward and reverse power and drive the 
front-panel meters that display these two power levels. Finally, design 
of the driver circuitry for the ferrite modulator was begun. 
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Contacts were made with vendors supplying undelivered long-lead-
time components for the transmitter and the following update on delivery 







Also, a mee 





unn Oscillator 20 January 1982 
1xer 20 January 1982 
1 February 1982 
Supply 31 January 1982 
the next reporting period, design efforts on the numerous 
uired for satisfactory transmitter operation will continue. 
ing will be held at WRAIR on 3 December 1981 to review the 
e project. Of special interest during this review will be 
the sponsor regarding the cooling system described in the 
letter. 
Respectfully submitted, 
J. C. Toler 
Project Director 
F. L. Cain, Director 
Electronics and Computer Systems Laboratory 
ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY • ATLANTA, GEORGIA 30332 
January 21, 1982 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 





Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
Research and Development of a Millimeter-Wave Transmitter 
System 
Georgia Tech Project A-2812 
Monthly Letter 14 
Reporting Period: 1 December 1981 to 1 January 1982 
The purpose of this research project is to design, develop and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse 
repetition rates for use in studies of the biological effects of 
millimeter-wave electromagnetic radiation. The transmitter is intended 
to simulate the operation of electro-optical countermeasures instrumen-
tation with respect to pulse characteristics and power levels while 
providing a highly-controllable and repeatable dose of electromagnetic 
energy to the biological system under investigation. 
The major technical activities during this reporting period 
involved a program status review and continued design efforts for 
var1ous subsystems of the transmitter. The program status review was 
held at the Walter Reed Army Institute of Research (WRAIR) on 3 December 
1981. During this review, Mr. J. Toler and Dr. S. Sharpe presented the 
administrative and technical status of the program to Mr. J. Jacobi and 
Dr. L. Larsen. In the area of administrative status, it was noted that 
the program is well within budget but it has not been possible to 
maintain the time schedule because of delayed delivery on long-lead-time 
components. This situation was evident in Monthly Letter 13 where it 
was shown that delivery schedules for critical components had slipped to 
January and February 1982. Because of this slippage, the possibility of 
a no-cost time extension to the program was discussed. The need for the 
transmitter in ongoing WRAIR research programs was noted, but non-
delivery of critical components dictated that a minimum time extension 
be obtained. , It was therefore decided that a three-month extension at 
no additional cost should be officially requested. 
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During the discussion of component delivery problems, the purchase 
of a cooling system for the transmitter was reviewed. This system has a 
short delivery time and its purchase order was being held pending inputs 
from the Program Monitor. These inputs concerned where the condenser 
and fan should be located. Location in a laboratory area would 
introduce 12 kW of heat into an air conditioned facility during 
transmitter operation. The capability for external location required 
special design provisions in the system. These matters were resolved in 
a decision by the Program Monitor to connect the transmitter into a 
facility cooling system that accommodates several transmitters. It is 
noted that this decision precludes full-power checkout of the 
transmitter at Georgia Tech prior to delivery to WRAIR. 
Design efforts for various electronic subsystems of the transmitter 
continued during this reporting period. Typical of these efforts were 
those concerned with the possibility of operating the levelling detector 
1n the linear, rather than the square law, region. Detector operation 
in this range increases the available loop gain and, in addition, 
reduces problems of thermal drift and aging since higher diode voltages 
are generated. In order to preserve the linearity of the looo and 
provide the proper readout of power, a squaring circuit is required 
which, together with the diode, will produce a voltage proportional to 
power. This approach in effect provides high-level square law operation 
if the diodes are linear over a sufficiently wide range ( >10 dB). The 
feasibility of this levelling approach should be determined during the 
next reporting period. 
In addition to continued design efforts for transmitter electronic 
systems, it is anticipated that a mock-up of the klystron and its 
electromagnet will be constructed during the next reporting period. 
This mock-up will be used to design the layout of components so system 
dimensions and waveguide routings can be accurately determined. With 
these dimensions known, and since a decision on the cooling system has 
been made, a cabinet to house the transmitter can then be ordered. 
APPROVED: 
Respectfully Submitted, 
J. C. Toler 
Project Director 
Systems Labnratory 
ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY • ATLANTA, GEORGIA 30332 
February 26, 1982 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 





Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
Research and Development of a Millimeter-Wave Transmitter 
System 
Georgia Tech Project A-2812 
Monthly Letter 15 
Reporting Period: 1 January 1982 to 1 February 1982 
The purpose of this research project is to design, develop and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse 
repetition rates for use in studies of the biological effects of milli-
meter-wave electromagnetic radiation. The transmitter is intended to 
simulate the operation of electro-optical countermeasures instrumentation 
with respect to pulse characteristics and power levels while providing a 
highly-controllable and repeatable dose of electromagnetic energy to the 
biological system under investigation. 
The major technical activities during this reporting period involved 
construction of a mockup of the klystron and its electromagnet, initiation 
of printed circuit board layouts, identification of front panel instruments, 
and continued follow-up on delivery of system components. Using drawings 
obtained from Varian for the Model VA 928 Klystron, a mockup of the tube 
and its electromagnet was constructed for use during efforts to mount 
components in the equipment cabinet. The cost of the tube and the possi-
bility of damage to the waveguide output were primary motivations for 
constructing the mockup. Difficulties in the construction arose because 
of the necessity of scaling dimensions from the Varian drawings; however, 
critical dimensions for the input and output waveguides were cross-checked 
in every possible way, and there is confidence that they are sufficiently 
accurate to permit the design of waveguide routing inside the cabinet. 
Consideration is being given to mounting the klystron, electromagnet, 
and interconnecting components on an adjustable platform to facilitate 
precise alignment with the input waveguide to the WRAIR shielded enclosure. 
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Component delivery continues to be a problem with the Hughes Gunn 
oscillator currently being the most critical item. This oscillator was 
scheduled for delivery early in this reporting period and telephone 
contacts with Hughes indicated that delivery would be on-schedule; however, 
when the oscillator was not received by mid-month, additional telephone 
contacts indicated delivery before the end of the reporting period. 
This oscillator has still not been received, and, consequently, checkout 
of the low-power portion of the transmitter system is being delayed. 
Included in this delay is a final decision on whether the levelling 
detector can be operated in the linear, rather than the square-law, 
region. As noted in Monthly Letter 14, operation in the linear region 
would increase the loop gain as well as reduce problems with thermal 
drift and aging. In addition to the Hughes oscillator, the Varian arc 
detector and MDL waveguide switch have not been delivered; however, 
these components are not presently delaying assembly and checkout of the 
transmitter. The Megavolt power supply is on schedule and will be 
delivered on or before 22 March 1982 and the prescaler required in the 
frequency control loop was received during this reporting period. 
Layouts for the printed circuit boards have begun, with the first 
board being the "divide-by-N" counter that forms part of the pulse generator 
circuitry. As the board layouts are completed, they are provided to a 
local vendor who fabricates either test or final delivery boards. Final 
identification of front panel instruments was also initiated. Digital 
voltmeters will be used to display net, forward, and reflected power 
levels and perhaps duty factor; however, a counter may provide a better 
duty factor indication. Thumbwheel switches will be used to adjust the 
pulse duration and repetition rate. 
A request for a no-cost time extension was submitted to the Army 
Medical Research and Development Command during this reporting period. 
If approved, the program termination date will be changed from 28 February 
1982 to 31 May 1982. 
: . . . 
F. L. Cain, Director 
Respectfully Submitted, 
J. C. Toler 
Project Director 
Electronics and Computer Systems Laboratory 
ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY • ATLANTA, GEORGIA 30332 
March 16, 1982 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 





Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
Research and Development of a Millimeter-Wave Transmitter 
System 
Georgia Tech Project A-2812 
Monthly Letter 16 
Reporting Period: 1 February 1982 to 1 March 1982 
The purpose of this research project is to design, develop, and 
test a high power, 35-GHz transmitter with variable pulse widths and 
pulse repetition rates for use in studies of the biological effects of 
millimeter-wave electromagnetic radiation. The transmitter is intended 
to simulate the operation of electro-optical countermeasures instru-
mentation with respect to pulse characteristics and power levels while 
providing a highly-controllable and repeatable dose of electromagnetic 
energy to the biological system under investigation. 
The major technical activities during this reporting period involved 
interfacing with the transmitter power supply vendor, continued fabrication 
of printed circuit boards, and additional follow-up efforts on the delivery 
of system components. The Acceptance Test on the transmitter power 
supply is now expected early in the next reporting period, and interfacing 
with the vendor (Megavolt Corporation) has been extensive to assure that 
all performance specifications are met. It appears that the ripple 
voltage specification (0.01 percent at rated load) may be marginal and, 
in fact, this voltage increases considerably under no-load, low-voltage 
conditions. At the present time, the ripple voltage is 1.6 volts under 
full load conditions (0.013 percent). Conversations have been held with 
Mr. Stan Allen of Varian to determine the effect of this out-of-specifi-
cation condition on the klystron tube. Mr. Allen indicated that a 0.013 
percent ripple voltage would be quite acceptable; however, efforts are 
continuing with Megavolt Corporation to provide a ripple voltage of 0.01 
percent or less. Other than the ripple voltage, all other performance 
specifications are apparently met, but Megavolt engineers have been 
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requested to install all panels on the enclosure and measure temperature 
at several locations in the enclosure after the power supply has opera-
ted for several hours. Also, the enclosure will have casters so it can 
be relocated at will within the WRAIR test facility, and an extra length 
of power supply output cable will be provided so the power supply and 
transmitter can be separated during their operation. 
As noted in Monthly Letter 15, layout of several printed circuit 
boards was initiated. During this reporting period, layouts for the 
"divide-by-N" counter board for the pulse generator, the detector 
amplifier board, and the TTL interface board were completed and these 
boards were fabricated in final delivery form. Components for these 
boards have been purchased and the boards are ready to be "stuffed" 
early in the next reporting period. 
The Hughes Gunn Oscillator was delivered during this reporting 
period, leaving only the waveguide switch and arc detector as major 
undelivered components. Initial checkout of the low-power portion of 
the system can now begin. This checkout includes tests to determine the 
region over which the levelling detector is to be operated (discussed in 
previous monthly reports). 
Approval was received to extend the program through 30 May 1982. 
APPROVED: 
Respectfully submitted, 
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Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
Research and Development of a Millimeter-Wave 
Transmitter System 
Georgia Tech Project A-2812 
Monthly Letter 17 
Reporting Period: 1 March 1982 to 1 April 1982 
The purpose of this research project is to design, develop, and 
test a high power, 35-GHz transmitter with variable pulse widths and 
pulse repetition rates for use in studies of the biological effects 
of millimeter-wave electromagnetic radiation. The transmitter is intended 
to simulate the operation of electro-optical countermeasures instrumentation 
with respect to pulse characteristics and power levels while providing 
a highly-controllable and repeatable dose of electromagnetic energy 
to the biological system under investigation. 
A major technical activity during this reporting period involved 
travel to Megavolt Corporation in Deer Park, NY to participate in the 
Acceptance Test. Dr. Steve Sharpe participated in this test, which 
was conducted without incident and all specifications were met or exceeded 
except for the ripple voltage. As noted in the last monthly letter, 
conversations with Megavolt engineers prior to the Acceptance Test 
indicated that the 0.01 percent ripple voltage specification was being 
slightly exceeded. In fact, a ripple voltage of 1.6 volts under full 
load conditions (0.013 percent) was being measured. The acceptability 
of this voltage level was checked in telephone conversations with Varian, 
Inc. and the 0.013 percent ripple voltage was said to be quite acceptable. 
Consequently, the power supply was accepted with this level of ripple 
voltage. It is noted that the crowbar, which operates on an open circuit 
rather than short circuit basis, functioned flawlessly. 
Following the Acceptance Test, the power supply was shipped to 
Georgia Tech. During shipment, two series capacitors across the output 
circuit of the power supply broke off, apparently because of vibration. 
Megavolt engineers were contacted and are sending replacement 
capacitors. Also, the required documentation was not received 
with the power supply, so payment by Georgia Tech is being withheld 
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until the Operations Manual and all schematics are received. After 
receipt of the power supply at Georgia Tech, telephone conversations 
with the COTR indicated that there is a need to increase the filament 
voltage from 5.5 volts to 6.3 volts and to provide a means by which 
this voltage can be slowly applied. This requirement differs from 
what is in the klystron data sheet, and is apparently the result of 
a design change by Varian, Inc. Since the secondary circuit of the 
filament supply transformer is floating at 12 kV, it will be difficult 
to add features that involve this circuit and permit the voltage change 
to be accomplished via front panel controls; therefore, the modification 
needs to be incorporated in the transformer primary circuit. A series 
inductor would limit the current in-rush but would provide no ability 
to increase the filament voltage level to 6.3 volts. A Variac could 
be inserted in the primary winding and, with a front panel control, 
it could both increase the voltage level and time-limit its application. 
If a voltmeter were then connected across the primary winding, but 
calibrated in terms of secondary winding voltage, it could be mounted 
on the front panel and used to control application of the filament 
voltage. The difficulty with the Variac approach is that there is 
no suitable space in the chassis for its mounting. This need will 
be reviewed further during the next reporting period and a decision 
will be made regarding the design change necessary to provide the required 
filament voltage. 
All waveguide components have been received as have many of the 
printed circuit boards. Contacts with the cabinet manufacturer (Par 
Metal, Inc.) indicate continued delays; however, the front panels are 
being shipped within the next two weeks. This will at least permit 
front panel layout, hole punching, painting, and silk screening efforts 
to begin. 
During the next reporting period, a decision will have to be made 
regarding a second no-cost time extension. This decision will be based 
primarily on the klystron delivery date and the status of the WRAIR 
central cooling facility. 
APPROVED: 
Respectfully submitted, 
J. C. Toler, 
Project Director 
Systems Laboratory 
ENGINEERING EXPERIMENT STATION 
Georgia Institute of Technology 
A Unit of the University System of Georgia 
Atlanta. Georgia 30332 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 





Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
Research and Development of a Millimeter-Wave 
Transmitter System 
Georgia Tech Project A-2812 
Monthly Letter 18 
Reporting Period: 1 April 1982 to 1 May 1982 
The purpose of this research project is to design, develop, and 
test a high power, 35-GHz transmitter with variable pulse widths and 
pulse repetition rates for use in studies of the biological effects 
of millimeter-wave electromagnetic radiation. The transmitter is intended 
to simulate the operation of electro-optical countermeasures instrumentation 
with respect to pulse characteristics and power levels while providing 
a highly-controllable and repeatable dose of electromagnetic energy 
to the biological system under investigation. 
During this reporting period, the possibility of mounting a Variac 
in the primary winding of the filament supply transformer was further 
investigated. As noted in the previous Monthly Letter, this approach 
seemed to be the only realistic means for (1) increasing the filament 
voltage from 5.5 to 6.3 volts and (2) providing a filament voltage that 
can be slowly increased. Other possible approaches were unacceptable 
because the filament supply transformer is floating at 12 kV; however, 
a Variac installed in the transformer's primary circuit and mounted 
with a front panel control for voltage adjustment could avoid the 12 
kV voltage. A front panel meter to indicate filament voltage could 
then be connected across the primary circuit but calibrated to read 
voltage levels in the secondary circuit. From a design point-of-view, 
this approach is thoroughly acceptable, but packaging now poses a problem 
because space behind the front panel is limited and not where it is 
needed. Installation of the Variac and meter will therefore cause 
the front panel layout to be noticeably unsymmetrical. Investigations 
during this reporting period have considered the possibility of reworking 
all front panels of the Power Supply since the manufacturer did not 
silkscreen labels on the panels and the paint is less than attractive. 
By making new front panels with silkscreened labels and attractive 
painting, the appearance of the Power Supply would be substantially 
improved and the installation of a Variac and meter could be accommodated. 
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Since this would require removal and reinstallation of controls and 
meters on all front panels, it will be a considerable task. A decision 
on this matter is expected during the next reporting period. 
Front panels for the transmitter cabinet were to be shipped by 
Par Metal, Inc. during this reporting period, but were not received. 
Receipt of these panels would have made it possible to begin cutting 
holes for meters and controls, painting, silkscreening, etc. The cause 
for the delay in panel delivery will be determined early in the next 
reporting period. 
Telephone conversations with Varian, Inc. indicated that the government-
furnished klystron will not be shipped before the 31 May 1982 termination 
date for the program. This prompted submittal of a request for a time 
extension at no additional cost. If granted, technical efforts on 
program will end on 31 August 1982. 
APPROVED: 
Respectfully submitted, 
J. C. Toler, 
Project Director 
Electronics and Computer Systems Laboratory 
.. 
I' 
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A Unit of the University System of Georgia 
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Walter Reed Army Institute of Research 
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Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
Research and Development of a Millimeter-Wave 
Transmitter System 
Georgia Tech Project A-2812 
Monthly Letter 19 
Reporting Period: 1 May 1982 to 1 June 1982 
The purpose of this research project is to design, develop, and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millimeter-wave 
electromagnetic radiation. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect 
to pulse characteristics and power levels while providing a highly-controllable 
and repeatable dose of electromagnetic energy to the biological system under 
investigation. 
The investigation of time and cost necessary to rework front panels 
on the Megavolt, Inc. Power Supply was completed during this reporting period, 
and it was concluded that this rework will not be possible under the present 
program funding. Initiation of the investigation resulted from the requirement 
to change the filament supply voltage from 5.5 to 6.3 volts and to provide 
a means by which this voltage can be applied slowly. In responding to this 
requirement, a design change involving installation of a Variac and meter 
in the primary circuit of the filament supply transformer was identified; 
however, space limitations in the Power Supply were such that installation 
of the Variac and meter caused the layout of one front panel to be highly 
unsymmetrical. This initiated an investigation to determine the feasibility 
of reworking all front panels on the Power Supply. Results of the investiga-
tion revealed that the time and materials for this rework could not be accom-
modated with funding available under the present program. 
Further conversations with Par Metal, Inc. indicate that the Purchase 
Order for the transmitter cabinet has been misplaced, and this is holding 
up early delivery of the front panels. The Purchase Order has been reissued 
and a delivery date of 15 June 1982 is now quoted from the cabinet manufacturer. 
A no-cost time extension for the program was received and provides 
a termination date of 31 August 1982 for technical efforts. This extension 
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will accommodate the present delivery schedule for the government-furnished 
klystron tube. 
APPROVED: 
J. C. Toler, 
Project Director 
Electronics and Computer Systems Laboratory 
ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY • ATLANTA. GEORGIA 30332 
Walter Reed Armv Institute of Research 
Department of Mierowave Research 
Building 40 





Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
~ 
Research and Development of a Millimeter-Wave 
Transmitter System 
Georgia Tech Project A-2812 
Monthly Letter 20 
Reporting Period: 1 June 1982 to 1 July 1982 
The purpose of this research project is to design, develop, and test 
A-2<t1L 
a high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millimeter-wave 
electromagnetic radiation. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect 
to pulse characteristics and power levels while providing a highly-controll-
able and repeatable dose of electromagnetic energy to the biological system 
under investigation. 
During this reporting period, the reissued Purchase Order for the trans-
mitter cabinet was received by Par Metal, Inc. and the complete cabinet 
(frame, front panels, exhaust fan, side panels. back door, casters, etc.) 
was shipped to Georgia Tech. Inspection of the cabinet and its component 
parts indicated the following: (1) basic hardware required for assembly 
was not received, (2) the fan opening in the cabinet top is approximately 
one-half the required size and no hardware for fan mounting was received, 
(1) the three shelves ordered for component mounting can not be used with 
the installation bars that are provided, (4) the cabinet frame appears struct-
urally adequate, and (5) the finish on the cabinet adhears well and is attrac-
tive. Hardware for assemblying the cabinet was purchased from local sources 
while the on-campus machine shop is correcting the fan mounting problem 
and fabricating installation bars that can be used to mount the component 
shelves. It is recalled that a cabinet from Par Metal, Inc. is being used 
so it will match the one used by Megavolt, Inc. to house the transmitter 
power supply. 
Another a posteriori power supply requirement was received from Varian-
Inc., the kylstron and magnet manufacturer. In this case, the requirement 
is for a 5 volt, 10 amp power supply for an additional coil used on the 
klystron magnet. A suitable - supply was ordered from a commercial source 
and further electronic designs are proceeding cautiously in case other unex-
pected modifications are necessary. 
An Equal Employment/Education Opportunity Institution 
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Telephone conversations with persons at Varian, Inc. indicate that 
delivery of the klystron and magnet will not occur before 15 July 1982. 
APPROVED: 
~. L. Cain Director 
Respectfully submitted 
.;r. C. Toler, 
Project Director 
Electronics and Computer Systems Laboratory 
ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY • ATLANTA, GEORGIA 30332 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 





Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
Research and Development of a Millimeter-WAve 
Transmitter System 
Georgia Tech Project A-2812 
Monthly Letter 21 
Reporting Period: 1 July 1982 to 1 August 1982 
The purpose of this research project is to design, develop, and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millimeter-wave 
electromagnetic radiation. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect 
to pulse characteristics and power levels while providing a highly-controll-
able and repeatable dose of electromagnetic energy to the biological system 
under investigation. 
During this reporting period, the assembly problems with the transmitter 
cabinet were corrected and the cooling fan was mounted in the cabinet top. 
The layout of controls on the cabinet front panels was completed and the 
machine shop has begun cutting openings for display and control devices. 
The panel layouts are shown in the attached figures. These panels should 
be ready for silkscreening of labels early in the next reporting period. 
The klystron magnet was received on 30 July 1982 and the klystron should 
follow soon since it is listed on the same shipping order. Receipt of the 
magnet makes it possible to resume the design of waveguide layout and component 
placement. The magnet is being positioned such that the klystron output 
can exit the cabinet at the desired height above the floor and with a m~n~mum 
length of waveguide. The numerous components in the klystron input circuit 
are being mounted on platforms above the magnet. 
The current termination date for the contract is 31 August 1982. Since 
the receipt date for the klystron and magnet is one month before the contract 
termination date, a request of a no-cost time extension is anticipated. 
This extension will permit final assembly of the transmitter system, inter-
An Equal Employment/Education Opportunity Institution 
facing with the high voltage power supply, system checkout, performance 
of the Acceptance Test, and completion of the documentation. 
APPROVED: 
F. L. Cain, Director 
Sincerely, 
J. C. Toler, 
Project Director 
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Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
"Research and Development of a Millimeter-Wave 
Transmitter System", Georgia Tech Project A-2812 
Monthly Letter 22 
Reporting Period: 1 August 1982 to 1 October 1982 
The purpose of this research project is to design, develop, and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millimeter-wave 
electromagnetic radiation. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect 
to pulse characteristics and power levels while providing a highly-controll-
able and repeatable dose of electromagnetic energy to the biological system 
under investigation. 
During this reporting period, the major efforts have been directed 
to custom mounting of hardware on shelves in the cabinet and finalizing 
the design of electronic circuits. It appears that all hardware can be 
mounted on two shelves in the cabinet, with low-power components located 
on the upper shelf and the klystron, magnet, and high-power components loca-
ted on the lower shelf. Components in the low-power circuit include the 
35 GHz oscillator, an isolator, directional coupler, harmonic mixer, 11.5 
GHz source, amplifier, PIN diode modulator, ferrite modulator, ~nd voltage 
controlled oscillator. Waveguide sections, including bends, twists, etc., 
are being mounted on custom-fabricated aluminum standoffs since the height 
above the shelf vary from one waveguide component to the next. Electronic 
circuits interfacing with these low-power components include counters, dividers, 
flip-flops, references, discriminators, prescalers, and power supplies. 
The low-power output from these waveguide and electronic components is being 
routed down through the upper shelf to the klystron input on the lower shelf. 
Components in the high-power output circuit of the klystron include a bidirec-
tional coupler, waveguide switch, water cooled load, and detectors. The 
electronic circuits associated with these waveguide components include compar-
ators, controls, and power supplies. 
Efforts to mount the waveguide components have encountered some difficulty 
in positioning the klystron and its associated magnet 1n a location that 
permits (1) layout of high-power components with a minimum length of waveguide 
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and (2) direct access to all components for servicing and circuit interfacing. 
The currently used component positioning represents a compromise between 
the optimum layout for access purposes and the minimum length of waveguide. 
The most objectionable feature of the layout is that visual observation 
of the meter on the component used for waveguide pressurization is partially 
blocked by the bidirectional coupler output. Consideration is being given 
to a redesign of the waveguide component that would be fabricated by the 
machine shop. The redesign would rotate by 90 degrees the exit port used 
by the meter and extend the length of the fitting between the waveguide 
component and the meter. 
In telephone conversations with Mr. John Jacobi of WRAIR, it was agreed 
that the transmitter Acceptance Test will be conducted at Georgia Tech using 
a temporary cooling system as opposed to being conducted at WRAIR using 
their central cooling system. This will require the purchase and assembly 
of components for the temporary cooling system. These components will include 
four submersible pumps, flow meters, flow switches, tubing, clamps, and 
a reservoir for dionized water. Telephone inquiries with local vendors 
indicate that these components will cost approximately $2,000. 
During the following month, efforts to complete assembly of the transmitter 
will be continued with the goal of an Acceptance Test in late October 1982. 
APPROVED: 
Sincerely, 
J. C. Toler 
Project Director 
ENGINEERING EXPERIMENT STATION 
Georgia Institute of Technology 
A Unit of the University System of Georgia 
Atlanta. Georgia 30332 
November 22, 1982 
Walter Reed Army Institute of Research 
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Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
"Research and Development of a Millimeter-Wave 
Transmitter System'', Georgia Tech Project A-2812 
Monthly Letter 23 
Reporting Period: 1 September 1982 to 1 October 1982 
The purpose of this research project is to design, develop, and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millimeter-wave 
electromagnetic radiation. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect 
to pulse characteristics and power levels while providing a highly-controll-
able and repeatable dose of electromagnetic energy to the biological system 
under investigation. 
During this reporting period, major efforts were concerned with the 
custom mounting of components on shelves in the transmitter cabinet and 
interconnecting the various electronic circuits. Contrary to information 
provided in the last Monthly Letter, the waveguide and electronic components 
will be mounted on three, rather than two, shelves. This change was made 
because the close location of components on the second (upper) shelf caused 
extreme difficulty during interconnection efforts. Also, crowding components 
very close together on the upper shelf would have made subsequent repair 
and servicing difficult. The third shelf now supports two power supplies, 
two amplifiers, and two printed circuit boards. The two amplifiers have 
been mounted in metal enclosures and coax cables are used for interconnection 
in order to minimize the possibility of interference. Component layout 
on the bottom, or high power shelf, remains unchanged; however, all components 
were removed from the shelf during this reporting period, and reinforcing 
members were added to the bottom side of the shelf. This should assure 
that the weight of the magnets (estimated to be 60 pounds) associated with 
the klystron do not c~use sagging of the shelf and thereby induce stress 
on the window in the klystron output waveguide. Custom blocks for securely 
mounting the isolator, waveguide switch, and arc detector have been completed. 
Front panels are now in the Main Machine Shop to have holes cut out for 
the mounting of meters, statns lights, switches, etc. The interconnection 
wiring is estimated to be 35 percent complete. 
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The klystron and magnets were received from Varian, Inc. and visual 
inspections reveal no damage during shipment. The Procurement Office, Army 
Medical Research and Development Command, and Mr. Stan Allen of Varian were 
notified of the arrival of these important items. 
Tentative arrangements are being made for the Acceptance Test to be 
held at Georgia Tech on 16 November 1982. The feasibility of this schedule 
will be closely tracked as wiring interconnections are completed, the cooling 
system is provided, and the klystron is mounted in the waveguide circuit. 
It is highly desired that a Varian representative be present to check all 
interconnections to be klystron prior to applying power. 
A photograph of the klystron mounted between the magnets 1n its assembly 
frame is attached. The upper and lower waveguide ports in the assembly 
center are the output and input ports, respectively. Electrical interconnec-
tions to the magnets are made by multi-pin connectors not visible in the 
photograph. The capped ports are for connection to the cooling system while 
the large wires at the base of the frame connect to the high voltage power 
supply. 
Efforts during the next reporting period will continue to be concerned 
with completing the installation of electronic and waveguide components 
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Project Director 
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Photograph of the Varian VA-928A Klystron Mounted 
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Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
"Research and Development of a Millimeter-Wave 
Transmitter System", Georgia Tech Project A-2812 
Monthly Letter 24 
Reporting Period: 1 October 1982 to 1 November 1982 
The purpose of this research project is to design, develop, and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millimeter-wave 
electromagnetic radiation. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect 
to pulse characteristics and power levels while providing a highly-controll-
able and repeatable dose of electromagnetic energy to the biological system 
under investigation. 
During this reporting period, major efforts continued to be concerned 
with the custom mounting of components on shelves in the transmitter cabinet 
and interconnection of the various electronic circuits. Two of the four 
front panels that will be used for mounting switches, status lights, meters, 
etc. were received back from the Machine Shop, with the requirea openings 
in them. The remaining two panels were not returned because they were splat-
tered with white paint being used by a weekend contractor to repaint the 
Machine Shop interior walls. Efforts are now underway to mix a paint that 
will match the "electric blue" color used by the panel manufacturer (Par 
Metal Company, Brooklyn, NY). Meters and status lights have been mounted 
in the returned panels and are ready to be wired to interconnecting circuitry. 
While mounting the status lights, it was noted that the covers were not 
delivered. These covers were ordered with special labeling that described 
the function associated with each light, and they have now been reordered. 
The manual received last month with the klystron was reviewed in prepara-
tion for mounting the klystron in the transmitter cabinet. This review 
revealed some requirements that were not known earlier and which can void 
the klystron warranty if disregarded. These requirements include 
• X-ray shielding, 
• waveguide pressurization, and 
• body current monitoring. 
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The amount of X-ray shielding that has to be provided will determine the 
extent and nature of additional mechanical work in the transmitter cabinet. 
Also, procedures and equipment necessary for determining the adequacy of 
the shield will have to be provided. Regarding waveguide pressurization, 
it was understood early in the design that a small amount of pressure was 
desired (but not necessary) to prevent the pulse-to-pulse "breathing" of 
the waveguide, thereby introducing humid air that can cause arcing. There-
fore, a waveguide section with a port for pressurization and a meter for 
visually monitoring pressure has been provided. The klystron manual, however, 
identifies a need to monitor pressure in a manner such that a pressure-acti-
vated switch will remove beam voltage when the waveguide pressure drops 
below 18 psia. No provisions have been provided for the pressure switch 
and beam voltage removal. As for the body current requirement, the manual 
states that protective circuitry must be provided to remove the beam voltage 
within 30 microseconds if the tube body current exceeds 120 percent of the 
nameplate value. Since this requirement was not previously known, no provis-
ions have been provided for body current monitoring and beam voltage removal. 
Further, the circuitry designed into the power supply for removing beam 
voltage involves components that can not respond in 30 microseconds. This 
requires a reasonable amount of circuit redesign and the mounting of a body 
current meter in one of the front panels. 
·These additional requirements will be discussed with personnel from 
Varian early in the next reporting period, and decisions on redesign will 
be made. These decisions will directly influence when the Acceptance Test 
can be conducted. 
APPROVED: 
arren, Associate 
ronics and Computer 
J. C. Toler 
Project Director 
Laboratory 
ENGINEERING EXPERIMENT STATION 
Georgia Institute of Technology 
A Unit of the University System of Georgia 
Atlanta. Georgia 30332 
December 17, 1982 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 





Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
11Research and Development of a Millimeter-Wave 
Transmitter System11 , Georgia Tech Project A-2812 
Monthly Letter 25 
Reporting Period: 1 November 1982 to 1 December 1982 
The purpose of this research project is to design, develop, and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millimeter-wave 
electromagnetic radiation. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect 
to pulse characteristics and power levels while providing a highly-controll-
able and repeatable dose of electromagnetic energy to the biological system 
undei investigation. 
During this reporting period, major efforts were concerned with the 
custom mounting of components on shelves in the transmitte~ cabinet, inter-
connection of the various electronic circuits, and design of a cooling system 
for use during the Acceptance Test. At this time, all printed circuit boards 
have been bench-tested and mounted in the transmitter cabinet. All but 
one of these boards has had all wiring connections made. The front panels 
to be used for mounting switches, status lights, meters, etc. have now been 
received from the Machine Shop with required openings in them. The two 
panels on which paint was splattered were satisfactorily repainted. Specially-
labeled plastic covers for five of the status lights were not received with 
the lights and had to be reordered. These covers were received during this 
reporting period. The Amphenol and Bendix connectors for mating with the 
two magnets and the waveguide switch were also ordered. 
As noted in the previous monthly letter, the manual received with the 
klystron identified unexpected requirements for X-ray shielding, waveguide 
pressurization, and body current monitoring. Conversations with Mr. Stan 
Allen of Varian, Inc. yielded the following information regarding these 
requirements: 
• As part of the klystron checkout at Varian, measurements were 
made to determine X-ray emissions. With a 12-kV power supply 
voltage, no X-ray emissions were expected even though some electrons 
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are accelerated to a velocity corresponding to twice the supply 
voltage. X-ray emissions were not detected during these measure-
ments, and there is no need for X-ray shielding in the transmitter 
cabinet. 
• The waveguide pressurization requirement was stated as being over-
zealous and applicable to klystrons with higher output power levels. 
A pressure of 1-to-2 pounds above the atmospheric level was stated 
to be sufficient to prevent arcing that might result from pulse-
to-pulse breathing by the waveguide. 
• The requirement to monitor body current and display the current 
magnitude on a front-panel meter was identified as being very 
important to safe operation of the klystron. Since this requirement 
will aid in adjusting the magnet current, the power supply is 
the logical location for the meter. However, the power supply 
panels already have a considerable number of devices mounted on 
them, and these devices are wired into internal circuits; therefore, 
removal of a panel for cutting a meter opening is going to be 
time-consuming and the existing symmetry of the panel layout will 
necessarily be altered. 
With the exception of flow switches, the design of an acceptable cooling 
system to be used during the transmitter Acceptance Test is proceeding well. 
Coolant is required for the following six locations: klystron collector, 
klystron body, klystron window, klystron magnets, load, and arc detector. 
The coolant flow rates for the collector, body, and magnets are specified; 
however, no rates are specified for the window, load, or arc detector. 
Telephone conversations with the suppliers (Varian and Baytron) resulted 
in highly nebulous responses and no firm cooling requirements. In view 
of this situation, the Klystron window will be cooled using a flow rate 
of 2 GPM (the specified cooling rate for the body), while the load and arc 
detector will be provided 0.5 GPM (the same as the magnets). Using these 
flow rates, a coolant circuit with six parallel branches has been designed. 
On the supply side, each branch will include a flow indicator (circulating 
red ball in a clear plastic enclosure), flow valve (for adjustment of flow 
rate), and flow switch (to de-energize beam voltage if flow rate drops below 
the specified minimum). On the return side, each branch will include a 
coolant temperature monitor capable of de-energizing the beam voltage if 
the temperature exceeds the specified level (40°C for the klystron collector, 
body, and magnets). To date, suppliers for the flow switches have offered 
only large switches fed from a coolant reservoir and requiring a differential 
pressure manifold, a temperature transmitter, an alarm box, and a power 
supply. The lowest bid for such a system has been $3,720 per branch and 
was provided by Foxboro Controls. Efforts to provide a more economical 
coolant system are continuing. 
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During the next reporting period, the cooling system design will be 
completed and construction will be initiated. Also, provisions for the 
monitoring of body current will be completed. 
APPROVED: 
Sincerely, 
J. C. Toler 
Project Director 
Warren, Associate Director 
Electronics and Computer Systems Laboratory 
ENGINEERING EXPERIMENT STATION 
Georgia Institute of Technology 
A Unit of the University System of Georgia 
Atlanta. Georgia 30332 
January 28, 1983 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 





Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
"Research and Development of a Millimeter-Wave 
Transmitter System", Georgia Tech Project A-2812 
Monthly Letter 26 
Reporting Period: 1 December 1982 to 1 January 1983 
The purpose of this research project is to design, develop, and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millimeter-wave 
electromagnetic radiation. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect 
to pulse characteristics and power levels while providing a highly-controll-
able and repeatable dose of electromagnetic energy to the biological system 
under investigation. 
During this reporting period, major efforts were concerned with the 
design of a suitable cooling system for use during the Acceptance Test and 
continued electrical/mechanical construction of the transmitter. As noted 
in the previous Monthly Letter, six components in the transmitter require 
coolant. Three of these components (the klystron collector, body, and magnets) 
have specified coolant flow rates, but no coolant flow rates are available 
for the remaining components (the arc detector, load, and klystron window). 
In designing the cooling system, flow rates for components without coolant 
specifications have been selected based on performance of other transmitter 
systems. Also noted in the previous Monthly Letter was the fact that diffi-
culties were encounted in efforts to locate a supplier for the flow switches 
required in the return side of the coolant circuit to de-energize the beam 
voltage if the flow rate drops below a specified minimum. These difficulties 
continued during this reporting period, with bids of several thousand dollars 
for each branch of the cooling system being received from two more suppliers. 
At this point, persons with transmitter and tube checkout responsibilities 
at Varian, Inc. were contacted and Proteus Manufacturing Company in Mountain 
View, CA was recommended. This company can supply flow switches capable 
of accurately monitoring low flow rates and providing an electrical signal 
to energize alarm devices if the flow rate drops below the pre ·-set level. 
An emergency purchase order for S\vitches calibrated to the flow rates required 
by the tr a smi t ter components was initiated, and a four -we ek delivery time 
was quoted. 
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The top front panel on the Megavolt power supply was removed and 
delivered to the Machine Shop where openings were provided for components 
needed to measure and display klystron body current. These components include 
a status light, meter, and reset switch. A meter that matches others used 
on the power supply was ordered and will be calibrated for the body current 
level. Also, the status light and reset switch, both with labeled covers, 
were ordered. 
Docw~entation received with the Megavolt power supply is proving to 
be almost totally inadequate. This documentation included one large schematic 
of the overall power supply plus a manual describing operational considerations. 
No schematics are available for the eight ma j or printed circuit boards in 
the power supply, and the large overall drawing has numerous errors. Two 
of the printed circuit boards have been traced point-to-point and schematics 
have been drawn. Knowledge of these detailed circuits makes possible an 
understanding of how the various interlock, control, safety, etc. provisions 
should function. 
During the next reporting period, construction of the cooling system 
should be completed and detailed assembly/checkout of electronic circuitry 
will continue. Additionally, other printed circuit boards in the power 
supply will be traced and schematics will be drawn. 
. . - . 
J. C. Toler 
Project Director 
W. B. Warren, Associate Director 
Electronics and Computer Systems Laboratory 
ENGINEERING EXPERIMENT STATION 
Georgia Institute of Technology 
A Unit of the University System of Georgia 
Atlanta. Georgia 30332 
April 11, 1983 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 





Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
"Research and Development of a Millimeter-Wave 
Transmitter System", Georgia Tech Project A-2812 
Monthly Letter 27 
Reporting Period: 1 January 1983 to 1 February 1983 
The purpose of this research project is to design, develop, and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millimeter-wave 
electromagnetic radiation. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect 
to pulse characteristics and power levels while providing a highly-controll-
able and repeatable dose of electromagnetic energy to the biological system 
under investigation. 
Major efforts during this reporting period were expended in tracing 
circuitry in the Megavolt power supply and testing various circuits in the 
transmitter cabinet. As noted in the last Monthly Letter, documentation 
for the power supply is almost totally inadequate. Last month, circuits 
on two of the eight major printed circuit boards were point-to-point traced 
and schematics were sketched. These efforts continued during this reporting 
period, with circuits on the remaining boards being traced and sketched. 
With the resulting knowledge of circuit designs, it is possible to understand 
how the power supply interlock, control, safety, etc. provisions are susposed 
to function. This knowledge lead to important modifications in the power 
supply shut-down circuitry. These modifications became necessary when the 
schematics revealed that the "kill" signal to the tetrode was routed through 
relay contacts. These contacts would mean that milliseconds of time would 
be required to shut off the tetrode, and therefore, the high voltage power 
supply. Specifications for the klystron require that this shut-down time 
be 30 microseconds or less. The modifications involved adding silicon 
controlled rectifiers (with switching times of less than 10 microseconds) 
through which the tetrode "kill" signal is now routed. The "kill" signals 
of specific interest are those generated in response to excessive body current 
and VSWR. Availability of the schematics has also resulted in several other 
design changes involving circuits not as critical as the high voltage shut-
down circuitry. In several cases, the changes have consisted of replacing 
under-rated components with ones of adequate rating. 
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Also during this time period, linearity of the TRG detectors was deter-
mined. Detector linearity has been a concern because (1) performance incon-
sistencies in TRG units and (2) failures in Hughes units. Over the past 
several months, one ~RG and five Hughes detectors being used on different 
millimeter-wave programs have failed and day-to-day variations have been 
noted in the remaining TRG detectors. Discussions with the manufacturers 
have not yielded any helpful information other than reminders of the fragile 
nature of millimeter-wave detectors. Other discussions with Hewlett Packard 
detector designers indicate no such problems with their units; therefore, 
the next procurement of detectors will be directed to Hewlett Packard so 
performance comparisons can be made. 
Flow rate switches ordered from Proteus Manufacturing Company were 
received during this reporting period. These switches are essential for 
the temporary cooling system that will be assembled and used during the 
Acceptance Test of the transmitter at Georgia Tech. Polybutylene fittings 
(tees, adapters, shutoff valves, etc.) and tubing are being obtained from 
Qest, Inc. for use with the flow rate switches to form the cooling system. 
The Qest tubing is flexible and can be cut with a sharp knife. Selas are 
made by a special compression sleeve and beveled ring, so sealants, solvents, 
and torches are not required. 
The top front panel of the Megavolt power supply was received from 
the Machine Shop with openings provided for instruments to measure and display 
klystron body current. Also, the special-purpose meter that was ordered 
to match other power supply meters was received and calibrated to properly 
display body current. 
During the next reporting period, test and checkout of other power 
supply circuitry will continue. High- and low-voltage cables for intercon-
necting the .power supply and transmitter cabinets will be provided, and 
construction of the cooling system will be initiated. 
APPROVED: 
J. C. Toler 
Project Director 
W. B. Warren, Associate Director 
Electronics and Computer Systems Laboratory 
ENGINEERING EXPERIMENT STATION 
Georgia Institute of Technology 
A Unit of the University System of Georgia 
Atlanta. Georgia 30332 
April 13, 1983 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 





Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
"Research and Development of a Millimeter-Wave 
Transmitter System", G!e9~gia Tech Project A-2812 
Monthly Letter 28 
Reporting Period: 1 February 1983 to 1 March 1983 
The purpose of this research project is to design, develop, and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millimeter-wave 
electromagnetic radia-tion. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect 
to pulse characteristics and power levels while providing a highly-controll-
able and repeatable dose of eiectromagnetic energy to the biological system 
under investigatior.. 
Primary efforts during this reporting period were concerned with checking 
out several of the critical circuits in the transmitter cabinet and providing 
cables to interconnect the power supply and transmitter cabinets. Efforts 
to check out critical circuits are summarized as follows: 
1. Wiring of the tetrode drive circuit which "kills" the high voltage 
signal under certain fault conditions (excessive VSWR or body 
current, for example) was completed and fault conditions were 
simulated while total shut-down time was measured. These measure-
ments confirmed the ability to shut down the power supply in less 
than the required 30 microseconds. 
2. With completion of the pulse generator circuitry, it was possible 
to check pulse parameters. These checks showed that the pulse 
rise and fall times are well within the 100 nanosecond specification. 
The accuracies of pulse frequency, duration, and duty factor readout 
were also measured and found to be within 0.1 percent over the 
required range. 
3. The low-power portion of the waveguide system was completed between 
the oscillator output and the klystron input, and the power level 
at the klystron input was measured. This level was well above 
the required input level of 1.7 mW. 
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4. The video amplifier response was optimized such that the fidelity 
of the transmitted pulse was perserved and the timing of the sample/-
hold circuit was adjusted to assure that the pulse peak was captured. 
5. Accuracy of the sample and hold was measured and found to be well 
within 5 percent. Voltage droop for the worst case (100 Hz) was 
less than 1 percent. 
Provisions were made for the interconncection cable between the power 
supply and transmitter cabinets. This cable will consist of conductors 
for the following purposes: (a) two conductors for filament voltage, (b) 
the -12 kV voltage and its return signal, (c) two conductors for voltage 
to the magnets, (d) a ground circuit, and (e) the shut-down signal. All 
high voltage cables are rated at 17 kV to provide a reasonable margin of 
safety. To facilitate connection of the power supply to the transmitter, 
the mounting strip ·provided in the power supply was moved to a different 
position and rotated to accommodate installation of a connector. The 
transmitter end of the cable was also terminated in a connector. 
APPROVED: 
Sincerely, 




ENGINEERING EXPERIMENT STATION 
Georgia Institute of Technology 
A Unit of the University System of Georgia 
Atlanta. Georgia 30332 
April 13, 1983 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 





Mr. John Jacobi 
Contract No. DAMD17-80-C-0190 
"Research and Development of a Millimeter-Wave 
Transmitter System", -Georgia Tech Project A-2812 
Monthly Letter 29 
Reporting Period: 1 March 1983 to 1 April 1983 
The purpose of this research project is to design, develop, and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millimeter-wave 
electromagnetic radiation. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect 
to pulse characteristics and power levels while providing a highly-controll-
able and repeatable dose of electromagnetic energy to the biological system 
under investigation. 
During this reporting period, the major technical efforts have been 
concerned with preparing the test procedure to be used during the Acceptance 
Test, reviewing the more critical design approaches with the klystron manufac-
turer, and continuing to interconnect/test subassemblies in the transmitter 
cabinet. 
The test procedure for use during the Acceptance Test will initially 
be concerned with the low-level section of the waveguide circuit. This 
circuit will be terminated at the klystron input while monitoring instrumen-
tation is used to demonstrate (1) the range and selection of pulse parameters 
and (2) the operation of the AFC circuitry. The power supply will then 
be operated into a dummy load while measurements are made to show that all 
required voltages are present and within specification. The ability to 
adequately shut down the high voltage power supply will also be demonstrated 
for the following simulated conditions: (1) anode over-current, (2) magnet 
under-current, (3) body over-current, and (4) shut-down bus (arc detector, 
VSWR monitor, and various interlocks). Next, the approach used to monitor 
output power will be demonstrated and explained. Finally, the klystron 
will be energized and the high power portion of the transmitter will be 
tested. This will initially involve applying a voltage that yields a 100-
200 watt output, and monitoring body current, reflected power, temperature 
rise in the cabinet, and leveling loop performance. The output power will 
then be increased to the maximum level and measured while the pulse waveform 
is displayed for observation. 
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On 24 March 1983, Mr. Stan Allen of Varian, Inc. visited at Georgia 
Tech and detailed procedures within the overall Acceptance Test procedure 
were reviewed and agreed upon. In addition, Mr. Allen reviewed the design 
of shut-down circuits for the power supply high voltage, the technique for 
monitoring body current, the cooling system design, the equipment available 
for measuring output power, power requirements for the focusing magnet, 
the constant current filament supply, and the high power portion of the 
waveguide circuit. It was agreed that the high power waveguide sections 
would be pinned, and advantage was taken of an offer by Mr. Allen to calibrate 
the bidirectional coupler and attenuators to be used in measuring the output 
power. All other areas were acceptabl~, without change. Following this 
meeting, the date of 4 May 1983 was ·tentively set for the Acceptance Test 
of the transmitter system. 
During the next reporting period, final w1r1ng of transmitter circuitry 




Warren, Associate Director 
ronics and Computer Systems Laboratory 
ENGINEERING EXPERIMENT STATION 
Georgia Institute of Technology 
A Unit of the University System of Georgia 
Atlanta. Georgia 30332 
May 19, 1983 
Walter Reed Army Institute of Research 
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Dr. Larry Larsen 
Contract No. DAMD17-80-C-0190 
"Research and Development of a Millimeter-Wave 
Transmitter System", Georgia Tech Project A-2812 
Monthly Letter 30 
Reporting Period: 1 April 1983 to 1 May 1983 
The purpose of this research project is to design, develop, and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millimeter-wave 
electromagnetic radiation. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect 
to pulse characteristics and power levels while providing a highly-controll-
able and repeatable dose of electromagnetic energy to the biological system 
under investigation. 
During this reporting period, final wiring of the transmitter circuitry 
was completed and the cooling system for the klystron, arc detector, load, 
and magnets was constructed. Final wiring of the transmitter circuitry 
involved several circuits of key importance to the Acceptance Test scheduled 
for 5 May 1983. For example, after delivery of the Megavolt Power Supply, 
it was learned that the 5.5 volt AC power specified by Varian for the filament 
supply was incorrect and that 6.3 volts DC was needed instead. Also, the 
2.8 amp filament current had to be limited to a surge value of 5.0 amps. 
This necessitiated the design to a new filament supply and, as noted in 
the previous monthly letter, the new constant current filament supply design 
was approved by Varian personnel on 24 March 1983. During this reporting 
period, this new supply was assembled, checked out, and wired into the filament 
circuit. Since the supply floats at -12 kV, it was assembled on a Plexiglas 
plate provided with standoffs to isolate it from chassis ground • . Also, 
the supply was mounted in the enclosed area beneath the bottom shelf of 
the transmitter cabinet so it would be located with the other high voltage 
subsystems. 
After completion of the filament supply mounting and w1r1ng interconnec-
tion, conversations with Varian, Inc. personnel revealed a previously unident-
ified requirement to provide monitors for the filament supply voltage and 
current. This requirement apparently stems from concern that filament aging 
will result in a need to readjust the supply output in order to obtain maximum 
power from the klystron. Voltage and current meters were therefore purchased 
and mounted on a Plexiglas bracket in the area beneath the bottom shelf 
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of the transmitter cabinet. This mounting location is somewhat inconvenient 
for visual observation, but since the requirement was not known during layout 
of the front panels, no ~ priori provisions were made for a more convenient 
mounting location. The isolation resulting from a mounting location beneath 
the bottom shelf is at least desirable from a safety viewpoint since these 
meters also float at -12 kV. 
The design and construction of an interim cooling system (the ~ransmitter 
will ultimately be connected into a central cooling system) for the klystron 
collector, klystron window, klystron body, arc detector, load, and magnets 
proved to be an formidable plumbing task. Tap water from the faucet of 
a laboratory sink was used as the coolant; however, water with a much higher 
purity will have to be used at the permanent installation .site. The cooling 
system routed tap water through six parallel paths constructed of plastic 
pipe fittings. Each path provided a control valve for use in either shutting 
off the water flow or varying the flow volume. The output of each control 
valve provided adpaters to which plastic Tygon tubing of a size appropriate 
for the required flow rate was attached. These tubes were routed to inlet 
ports of the various devices to be cooled and, from these devices, plastic 
tubing was routed to flow meters. These meters provided a visual indication 
of flow and were calibrated for the required flow rates. They also provided 
circuitry to initiate an alarm signal if the flow rate dropped below the 
specified amount. For purposes of this design, the alarm signals were routed 
to light bulbs that illuminate if the flow rate becomes inadequate. 
During the next reporting period, engineers from Varian will visit 
Georgia Tech for the purpose of operating the transmitter for the first 
time. Other activities during the next reporting period will be dictated 
by the extent to which the transmitter operates satisfactorily. 
APPROVED: 
Sincerely, 
J. C. Toler 
Project Director 
W. B. Warren, Associate Director 
Electronics and Computer Systems Laboratory 
ENGINEERING EXPERIMENT STATION 
Georgia Institute of Technology 
A Unit of the University System of Georgia 
Atlanta. Georgia 30332 
July 27, 1983 
Walter Reed Army Institute of Research 
Department of Microwave Research 
Building 40 





Dr. Larry Larsen 
Contract No. DAMD17-80-C-0190 
"Research and Development of a Millimeter-Wave 
Transmitter System'', Georgia Tech Project A-2812 
Monthly Letter 31 
Reporting Period: 1 May 1983 to 1 June 1983 
The purpose of this research project is to design, develop, and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millimeter-wave 
electromagnetic radiation. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect 
to pulse characteristics and power levels while providing a highly-controll-
able and repeatable dose of electromagnetic energy to the biological system 
under investigation. 
The major technical act1v1t1es during this reporting period were concerned 
with efforts to prepare for and conduct an Acceptance Test on the Transmitter 
System. The primary preparation efforts were concerned with checkout of 
the various shutdown circuits and monitoring of the coolant flow to the 
six devices requiring cooling. During the week of 9 May 1983, Mr. Brian 
Roach of Varian, Inc. assisted in efforts to conduct the Acceptance Test. 
The Transmitter System is protected by circuits that monitor the voltage 
standing wave ratio, body current, arcs in the waveguides, overcurrent, 
and overpower. If any of these parameters have values outside preset tolerance 
limits, the monitoring circuits are designed to shut down the high voltage 
power supply within 20 microseconds in order to protect the klystron. Tests 
were conducted in which out-of-tolerance conditions were simulated for each 
monitoring circuit while the time required to initiate high voltage shutdown 
was measured. With the exception of the body current monitor, each protection 
circuit functioned within the specific time limit; however, the body current 
monitor required approximately 20 milliseconds to shut down the high voltage 
power supply. Circuitry for this monitor was added ~ posteriori and involved 
isolating the klystron body from ground except for one path through a 200-
ohm resistor. Analysis of this circuit revealed that it could be adjusted 
to detect excessive body current and initiate high voltage shutdown within 
20 microseconds, but, when so adjusted, noise generated by interwinding 
capacitance in the power supply transformer caused premature triggering. 
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Filtering could be added. to reduce the noise, but this introduced time delays 
in the shutdown speed. It was concluded that replacement of the main transformer 
in the power supply was the only way to provide a body current monitor capable 
of operating within 2b microseconds; however, such a replacement could not 
be accomplished without a major time and cost perturbation. 
The design and construction of an interim cooling system for the klystron 
collector, klystron window, klystron body current, arc detector, load, and 
magnets was discussed in the previous monthly letter. During this reporting 
period, this cooling system was connected to its water source in a laboratory 
sink and coolant flow rates were measured. All flow rates were within their 
specified range except for the 6 gpm collector cooling. The combination 
of small pipe size feeding the sink and the six parallel coolant paths caused 
the maximum collector flow rate to be 4.8 gpm. 
The slow shutdown for body current monitoring and the low collector 
coolant flow rate were discussed with Mr. Roach, the Varian representative 
and it was decided to conduct as much of the Acceptance Test as possible. 
Individual electronic and waveguide circuits were meticulously checked out, 
operational status was verified, and the power monitoring circuit was calibrated. 
The Acceptance Test then proceeded to the point of developing 400 watts 
of output power, at which point all circuitry was functioning satisfactorily. 
At this output, there was no noticeable increase in the 4.8 gpm collector 
coolant temperature. Mr. Roach returned to his office and conferred with 
Varian personnel regarding the 20 millisecond shutdown time for body current 
monitoring. He then provided the opinion that this slower shutdown time 
provided adequate klystron protection since magnet current was being monitored 
and could shut down the high voltage power supply in its specified time. 
During the next reporting period, a decision will be made with the 
Army's Technical Monitor regarding transmitter operation with a body current 
monitor capable of shuting the high voltage power supply down in 20 milliseconds. 
Also, provisions will be made for increasing the collector coolant flow 
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Dr. Larry Larsen 
Contract No. DAMD17-80-C-0190 
"Research and Development of a Millimeter-Wave 
Transmitter System", Georgia Tech Project A-2812 
Monthly Letter 32 
Reporting Period: 1 June 1983 to 1 July 1983 
The purpose of this research project is to design, develop, and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millimeter-wave 
electromagnetic radiation. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect 
to pulse characteristics and power levels while providing a highly-controll-
able and repeatable dose of electromagnetic energy to the biological system 
under investigation. 
The major efforts during this time period have been concerned with 
reviewing results of the limited Acceptance Test conducted last month and 
making provisions for a full Acceptance Test at a later date. 
As noted in the last monthly letter, the ability of the body current 
monitor to shut down the high voltage power supply in 20 milliseconds, as 
opposed to the specified 20 microseconds, is a major concern. This situation 
was discussed with Dr. L. Larsen, the Army's Technical Monitor, in view 
of the Varian opinion that the 20 millisecond shutdown was acceptable. 
Since the impact of the slower shutdown on the klystron warranty was unknown, 
efforts were made to obtain a written statement from Varian that the slower 
shutdown would not compromise any guarantee. This effort was unsuccessful, 
and Dr. Larsen felt that the situation should be reviewed by transmitter 
consultants before proceeding further. The dates of 29 June, 7 July, and 
14 July 1983 were submitted as acceptable days for a consultant's design 
review at Georgia Tech. 
A work order was submitted to the on-campus Facilities Management Office 
for the purpose of installing a special-purpose water line for a source 
of transmitter coolant. A 0.75-inch copper water line was then routed into 
the transmitter checkout area. The transmitter's cooling system was connected 
to this source and measurements showed that the 6.0-gpm flow rate required 
by the klystron collector was satisfied. 
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Efforts to calibrate and monitor output power during last month's limited 
Acceptance Test were hindered by drift in meter indications when the Hewlett 
Packard Power Meter and Hughes Power Sensor were operated on the more sensitive 
scales. Because of this drift, the power meter's reference value had to 
be reset frequently and power levels had to be measured several times. 
On the recommendation of Mr. Brian Roach of Varian, Inc., a Hewlett Packard 
Power Sensor that operates at 35-GHz was purchased and is now available 
for subsequent transmitter tests. 
Since the transmitter consultants did not review the situation with 
body current monitoring on 29 June 1983, it is assumed that the review will 
be held during the first half of July 1983. Following this review, either 
the main transformer in the high voltage power supply will be replaced or 
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Dr. Larry Larsen 
Contract No. DAMD17-80-C-0190 
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Monthly Letter 33 
Reporting Period: 1 July 1983 to 1 August 1983 
The purpose of this research project is to design, develop, and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millimeter-wave 
electromagnetic radiation. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect 
to pulse characteristics and power levels while providing a highly-controll-
able and repeatable dose of electromagnetic energy to the biological system 
under investigation. 
As noted in the previous monthly letter, the body current monitor 1n 
the transmitter shuts down the high voltage power supply in 20 milliseconds 
rather than the 20 microseconds specified in the Warranty Statement for 
the klystron. The klystron manufacturer, Varian, Inc., verbally stated 
after consultation with their engineering staff that the slower shutdown 
capability was acceptable; however, they declined the request to officially 
change the Warranty Statement. Before proceeding with the Acceptance Test, 
the Army's Technical Monitor, Dr. L. Larsen, requested that transmitter 
consultants review the klystron shutdown capabilities and provide recommenda-
tions regarding the advisability of continuing the Acceptance Test without 
design changes. These consultants would be arranged for and provided by 
Dr. Larsen. The dates of 29 June, 7 July, and 14 July 1983 were submitted 
to Dr. Larsen as possible days for the consultant's review at Georgia Tech; 
however, most any other working day could probably be accommodated. 
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There was no transmitter design review during this reporting period 
and further technical efforts await this review. Telephone conversations 
with Dr. Larsen indicated that the review should be conducted during the 
first two weeks of August 1983. 
APPROVED: 
Sincerely, 
J. C. Toler 
Project Director 
W. B. Warren, Associate Director 
Electronics and Computer Systems Laboratory 
ENGINEERING EXPERIMENT STATION 
Georgia Institute of Technology 
A Unit of the University System of Georgia 
Atlanta. Georgia 30332 
September 13, 1983 
Walter Reed Army Institute of Research 
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Monthly Letter 34 
Reporting Period: 1 August 1983 to 1 September 1983 
The purpose of this research project is to design, develop, and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millimeter-wave 
electromagnetic radiation. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect 
to pulse characteristics and power levels while providing a highly-controll-
able and repeatable dose of electromagnetic energy to the biological system 
under investigation. 
The transmitter design review anticipated during the first two weeks 
of August 1983 was not conducted. Technical efforts on the transmitter 
are awaiting this review. In the meantime, it is noted that the contract 
terminates on 30 September 1983; therefore, a no-cost time extension will 
have to be requested early in the next reporting period. 
APPROVED: 
Sincerely, 
J. C. Toler 
Project Director 
W. B. Warren, Associate Director 
Electronics and Computer Systems Laboratory 
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Dr. Larry Larsen 
Contract No. DAMD17-80-C-0190 
"Research and Development of a Millime~er-Wave 
Transmitter System", Georgia Tech Project A-2812 
Monthly Letter 35 
Reporting Period: 1 September 1983 to 1 October 1983 
The purpose of this research project is to design, develop, and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millimeter-wave 
electromagnetic radiation. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect 
to pulse characteristics and power levels while providing a highly-controll-
able and repeatable dose of electromagnetic energy to the biological system 
under investigation. 
As noted in the previous monthly letter, further technical efforts 
on the transmitter are awaiting a design review to be arranged by the Contract-
ing Officer's Technical Representative (COTR). Telephone conversations 
with the COTR during this reporting period indicated that arrangements for 
the design review are being made and that the review should be held during 
November 1983. Three dates convenient with internal schedules are being 
transmitted to the COTR. In the meantime, a request for another no-cost 
time extension was submitted. This request, if approved, will extend the 
termination date from 30 September 1983 to 1 April 1984. 
APPROVED: 
Sincerely, 
J. C. Toler 
Project Director 
W. B. Warren, Associa Director 
Electronics and Computer Systems Laboratory 
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The purpose of this research project is to design, develop, and test 
a high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millimeter-wave 
electromagnetic radiation. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect 
to pulse characteristics and power levels while providing a highly-controll-
able and repeatable dose of electromagnetic energy to . the biological system 
under investigation. 
As noted in the previous monthly letter, further technical efforts 
on the transmitter are awaiting a design review to be arranged by the Contract-
ing Officer's Technical Representative (COTR). Telephone conversations 
with the COTR during this reporting period indicated that arrangements for 
the design review are being made and that the review should be held during 
November 1983. Three dates convenient with internal schedules (7, 14, and 
21 November 1983) have been transmitted to the COTR. In the meantime, a 
request for another no-cost time extension has been submitted. This request, 
if approved, will extend the termination date from 30 September 1983 to 
1 April 1984. 
APPROVED: 
Sincerely, 
J. C. Toler 
Project Director 
W. B. Warren, Associate 1rector 
Electronics and Computer Systems Laboratory 
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Dr. Larry Larsen 
Contract No. DAMD17-80-C-0190 
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Transmitter System", Georgia Tech Project A-2812 
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Reporting Period: 1 November 1983 to 1 December 1983 
The purpose of this research project is to design, develop, and test a 
high power, 35-GHz transmitter with variable pulse widths and pulse repeti-
tion rates for use in studies of the biological effects of millime,ter-wave 
electromagnetic radiation. The transmitter is intended to simulate the 
operation of electro-optical countermeasures instrumentation with respect to 
pulse characteristics and power levels while providing a highly-controllable 
and repeatable dose of electromagnetic energy to the biological system under 
investigation. 
On 21 November 1983, the design review discussed in the previous four 
monthly letters was held with Dr. L. Larsen at Georgia Tech. Army transmitter 
consultants were not able to participate. The review initially involved 
discussions of the noise signal causing the delay in power supply shutdown 
time. The major component of this signal appears to be 360 Hz ripple intro-
duced in the high voltage transformer. Several approaches for eliminating or 
reducing the noise signal to acceptable levels were discussed and their impact 
on the power supply design was evaluated. For example, a new high voltage 
power supply transformer with internal shielding could be built, but the 
extent to which noise reduction would be provided is difficult to determine 
theoretically. Also, the new transformer would be larger than the present 
one, and space in the base of the power supply cabinet is extremely limited. 
Consequently, ·a new transformer may require a new cabinet. Because of this 
possibility, it appeared desirable to first try developing an improved high 
voltage power supply filter. To do this, detailed measurements of the noise 
signal at various power supply locations (-12 kV output, control grid, screen 
grid, etc.) will be made and then used to custom design a filter. A copy of 
the power supply schematics plus photos of components on each shelf of the 
power supply will be forwarded to Dr. Larsen so he can be involved in the 
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filter design. In the meantime, he will work with his contracts office to get 
the termination date extended to 1 April 1984. 
APPROVED: 
Sincerely, 
J. C. Toler 
Project Director 
• Warren, Associate Director 
Electronics and Computer Systems Laboratory 
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FOREWORD 
The purpose of this research project was to design, develop, and test a 
high power, 35-GHz transmitter system with variable pulse widths and pulse 
repetition rates for use in studies of the biological effects of millimeter-
wave electromagnetic radiation. This system consisted of a millimeter-wave 
transmitter, its -12 kilovolt power supply, and associated interconnecting 
cab 1 es (the foe used antenna was to be provided by the sponsor). This 
transmitter system was intended to simulate the operation of electro-optical 
countenneasures instrumentation with respect to pulse characteristics and 
power levels while providing a highly-controllable and repeatable dose of 
electromagnetic energy to the biological system under investigation. 
Design and development of the transmitter system was conducted by 
personnel of the Biomedical Research Division in the Electronics and Computer 
Systems Laboratory at the Georgi a Tech Research Institute of the Georgi a 
Institute of Technology, Atlanta, GA. Mr. J. C. Toler served as Project 
Director. The project was sponsored by the Walter Reed Anny Institute of 
Research of the Army Medical Research and Development Command at Fort Detrick 
in Frederick, Maryland under Contract No. DAMD17-80-C-0190. Dr. Larry Larsen 
of the Walter Reed Army Institute of Research served as Program Monitor. 
Within the Georgia Tech Research Institute, the project was designated as 
Project No. A-2812. 
This report describes the technical activities that were undertaken in 
the process of designing, developing, and testing the transmitter system. 
Several persons contributed substantially to the technical activities, and 
the authors would especially like to identify the contributions of Dr. L. 
Larsen and Mr. J. Jacobi of the Walter Reed Anny Institute of Research. 
APPROVED: 
J. C. Toler 
Project Director 




The purpose of this project was to design, develop, assemble, and test a 
high-power transmitter system that would subs~quently be used with a focused 
antenna to i nves ti gate the possi bi 1 i ty that bi ol ogi cal systems are adversely 
affected by exposure to mi 11 imeter-wave electromagnetic environments. The 
need for such a transmitter system has resulted from the increasing use of 
mi 11 imeter-wave energy in applications such as short-range colllllunicati ons, 
radar (fire control, terrain, etc.), and electro-optical countermeasures. 
Biologically, millimeter-wave energy may have unique effects due to 
frequency-specificity, locally-high power densities, and high energy 
deposition in small tissue volumes. Of particular interest in this frequency 
range are potential ocular hazards. 
-Frequency-specific effects on the respiratory control ratios of 
mitochondria exposed to high incident power densities (500 mW/cm2 and 1000 
mW/cm2) have been reported by Motzkin [ 1] and Mel nick [2]. Effects at 
specific millimeter-wave frequencies on the metabolism of metals in animals 
and on the growth of adenovirus have been reported in the Soviet literature 
[3,4]. A quasi-lattice vibration model for millimeter-wave and microwave 
electromagnetic (EM) field interactions with tissue has been described by 
Illinger [ 5 ], indicating the possiblity of damped resonant interactions with 
biological systems. Frequency-specific effects of 45-46 GHz irradiation on 
bacterial colicin synthesis were reported by Smolyanskaya [ 6]. These 
findings have been supported by Motzk in [ 7 ]; however, i nvesti gati ons by 
Swi cord -[8 ] did not support these findings. Conflicting results have a 1 so 
been reported concerning possible millimeter-wave athermal effects on the 
permeability of erythrocytes [1,2,9]. A panel discussion dealing primarily 
with potential cellular effects of millmeter waves identified dielectric 
dispersion and absorption phenomena as a possible mechanism with respect to EM 
field/biological system interaction. 
Because of results reported in literature such as that cited above, a 
need has existed for a mi 11 imeter-wave source with a high output power 
capability in combination with a wide range of available pulse modulations. 
Such a transmitter system would permit bioeffects investigations under many 
-1-
possible exposure conditions. Thus, if some unique combination of pulse 
parameters happens to elicit a significant biological response, the 
probability of identifying the modulation condition is greatly improved when 
an exposure source with a wide range of pulse conditions is utilized. 
The transmitter system developed during this project was of the master 
oscillator-power amplifier type. The oscillator was a low-power, solid-state 
Gunn diode that drove a multicavity klystron amplifier having a 50 dB power 
gain. Thus, one kilowatt of continuous output power could be achieved using a 
Gunn asci 11 a tor with a 10 mW power output. This approach offered several 
advantages. First, pulse modulation caul d be accompli shed at a 1 ow-power 
1 evel, thus significantly reducing modulator cost and complexity. Second, 
control of the overall output power from the system could be provided by 
varying attenuation between the oscillator and power amplifier. Third, the 
frequency of the Gunn oscillator could be controlled automatically using a 
simple DC error-correcting val tage. Finally, harmonic and spurious output 
suppression caul d be enhanced through the use of a 1 ower-power waveguide 
filter between the oscillator and amplifier. Details related to the design, 
development, operation, and service of this transmitter system are provided 
in the following sections of this report. More specifically, Section II 
presents technical specifications to which the transmitter was designed and 
the design approaches considered during development of the transmitter are 
discussed in Section III. This section also identifies the design approach 
that was ultimately followed. In Section IV, the final design, including the 
limited acceptance test and delivery of the incomplete transmitter system, is 
presented by describing the waveguide i nterconnec ti ons that comprise the 
system. Finally, references cited in the report text are presented in Section 





This research and development effort required the design and 
construction of a high-power, single-frequency, millimeter-wave transmitter 
with variable pulse widths and pulse repetition frequencies suitable for use 
in studies of the biological effects of exposure to millimeter-wave 
electromagnetic radiation. The transmitter had to simulate the operation of 
e 1 ectro-opti ca 1 countermeasures instrumentation with respect to pulse 
characteristics and power levels, and provide a highly-controllable and 
repeatable dose of electromagnetic energy to the sample under investigation. 
In order to accomplish these objectives, a transmitter operating at a 
frequency of 35 GHz with a peak power output of 1 kilowatt {kW) + 0.5 dB was 
designed, developed, and fabricated. This millimeter-wave transmitter 
conformed to the specifications required by the original Request for 
Quotation ( DAI'-1017 -80-Q-0006) . The primary power source was of the 
oscillator-amplifier type, and employed a low-power, Gunn diode oscillator to 
generate a fundamental signal with a noise power spectral density at least -35 
dBc. The Gunn oscillator output was then (1) modulated to the desired pulse 
width { 1-to-25 microseconds in 1. 0 microsecond increments) and repetition 
frequency ( 100 Hz to 10 kHz), ( 2) 1 eve 1 ed vi a a Faraday rotation ferrite 
modulator, and ( 3) amp 1 i fi ed by a multi cavity k 1 ystron amp 1 i fi er to a chi eve 
the required peak output power level of 1 kW. The system was also capable of 
continuous operation at a 1-kW level. 
The transmitter system incorporated devices for continuous monitoring of 
duty factor and frequency. Also, the average forward and reflected output 
power were controlled to within an accuracy of 0. 5 dB. ·Associated with the 
frequency monitoring capabi 1 i ty of the system, which was provided by an 
incorporated digital frequency counter, was an automatic frequency control 
(AFC) loop which maintained the transmitte~'s output frequency at 35 GHz ! 10 
MHz. In addition, fault detection and prevention circuitry protected 
components of the system from damage resulting from improper usage or failure 
of other components. This circuitry waul d also protect against personnel 
safety hazards in the event of a component failure. One protection circuit 
monitored load VSWR, and provided a variable threshold (with a calibrated 
-3-
value of 1.1:1) which the load VSWR could not exceed without causing a total 
shutdown of the system. Other protective circuitry monitored (1) peak power 
output, which was not allowed to drift outside specified limits (1000 W ~ 0.5 
dB), (2) high-voltage arcing in the klystron amplifier, and (3) coolant 
temperature. 
The millimeter-wave transmitter was designed such that the 
specifications listed above would be met for operating temperatures in the 
range from 55° to 95°F (12.7° to 35°C) and for operating relative humidity in 
the range from 10 to 80 percent. In addition, the transmitter was designed to 
withstand storage temperatures of 0° to 110°F (-17.8° to 43.4°C) and relative 




Technical considerations were given to a number of different design 
approaches that caul d be used to develop a mi 11 imeter-wave transmitter 
system. These technical considerations and design approaches are described 
in this section, which begins with a general discussion of low-power 
oscillators and klystron power amplifiers designed to operate in the 
millimeter-wave frequency range. Possible design approaches considered 
during the research and development of this transmitter system are then 
discussed. The specific design approach followed in developing the 
transmitter is then identified. 
A. Technical Considerations 
The desired configuration for the source of the high-power signal 
produced by the transmitter system is the low-power oscillator-power 
amplifier configuration. This configuration allows modulation at the more 
convenient low-power levels before signal amplification, as opposed to a 
situation in which a high-power oscillator (such as a magnetrqn) must be 
modulated at a high-power 1 evel . Modulation at the high-power 1 evel waul d 
result in undue circuit complexity and inefficiency as well as significant 
degradation of system capabilities. In addition, the oscillator-power 
amplifier source configuration is more adaptable to electronic leveling 
schemes than is the high-power oscillator. Sampling and detection of the 
output signal are performed at a low-power level with more economical low-
power millimeter-wave components. 
Typically, single-frequency millimeter-wave power sources designed in 
the oscillator-power amplifier configuration consist of a low-power solid 
state asci 11 a tor which generates fundamental frequency RF energy at power 
levels ranging from tens to hundreds of milliwatts. This oscillaotr is 
followed by either a solid-state or tube-type power amplifier, depending on 
the output power 1 evel desired. Low-power, solid state oscillators are 
usually a negative-resistance diode. Gunn diodes produce EM energy of high 
spectral purity and low-noise spectral density, but their output levels are 
far below those of IMPATT avalanche diodes which depend on an inherently noisy 
carrier multi plication process for the generation of EM energy. For the 
millimeter-wave transmitter developed during this project, spectral purity of 
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the output signal was an important requirement. Therefore, a Gunn diode 
oscillator was selected as the source of low-power EM energy. 
Besides operating as a source of mi 11 imeter-wave energy, negative-
resistance diodes can also be used as amplifiers. For example, if an IMPATT 
diode is properly coupled into a resonant cavity, the resistive loa.d of the 
cavity suppreses the oscillation of the diode. However, amplification will 
result if the diode is driven by a voltage waveform at or near the resonant 
frequency of the cavity. Semiconductor-type millimeter-wave amplifiers, how-
ever, operate at power levels of only a few watts. To achieve the kilowatt of 
peak output power required of this millimeter-wave transmitter, a klystron 
amplifier tube would be necessary. 
Some background information on the performance characteristics and 
application considerations of these devices was necessary for the effective 
design of a millimeter-wave source utilizing them. The Gunn effect, on which 
the design of the Gunn diode is based, was first observed by J. B. Gunn in 
1963 during the performance of noise experiments under conditions of high 
electric field intensity in gallium-arsenide (GaAs) semiconductor wafers 
[ 10]. Gunn observed microwave oscillations in GaAs wafers with applied DC 
electric-field intensities of 3200 V/cm, and conducted a series of 
experiments to detenni ne the deta i 1 s of the osci 11 a tory waveforms. These 
oscillations were 1 ater shown to be consistent with previously proposed 
theories of negative resistance based on quantum mechanical considerations. 
Qualitatively, the Gunn effect is the result of the transition of 
e 1 ectrons within the conduction band of certain compound semi conductor 
crystals to energy states characterized by a higher effective mass. This 
transition is excited by an applied electric field, and causes a decrease in 
electron mobility with increasing electric field intensity--a negative 
resistance characteristic. This decrease in electron mobility results in the 
formation of charge dipole layers which increase the field intensity until 
electron velocities within the dipole layer equal those outside. This layer 
then propagates to the anode, following which a new dipole layer is formed. 
The electron velocity at the vel oci ty-fi el d curve minimum for the 
semiconductor material is called the saturated drift velocity (vs). It is 
this velocity with which the electrons in the dipole layer travel. Thus, the 
frequency of operation is approximately f = vs/L, where Lis the distance 
between the contacts on the semi conductor crystal. The 1 ength of the 
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semiconductor conduction path, therefore, determines the frequency of 
oscillation. Modern Gunn oscillators actually operate in a somewhat 
different mode, known as the accumulation layer mode. 
Several manufacturers (Hughes Electron Dynamics Division, Baytron, 
Nippon Electric Company, Alpha Industries, etc) of self-contained millimeter-
wave Gunn osc i 11 a tors were i denti fi ed. Typic a 1 parameters specified for 
these oscillators included: 
• frequency of operation ( GHz.), 
• minimum tuning bandwidth (MHz), 
• power output (mW), 
• DC bias voltage (V), and 
• DC bias current (rnA). 
Secondary specifications given by some manufacturers (a few of which were 
critically important in this transmitter design) included: 
• power output stability (dB/°C), 
• frequency stability (MHz/°C), 
1 1 oad VSWR, 
• AM noise (dBc), 
• modulation sensitivity (MHz/V), and 
• tuning voltage (V). 
These oscillators were specified to operate at a nominally fixed frequency and 
output power 1 evel which was a function of their design. They were not 
generally amplitude-modulated by variation of the DC bias voltage, as this 
would cause frequency pulling in addition to the modulation. However, some 
were capab 1 e of frequency modulation, uti 1 i zing varactor-tuned cavities to 
vary the frequency of oscillation in response to an applied modulation (or 
tuning) voltage. This electronic tuning capability was utilized to provide 
the automatic frequency control (AFC) for the transmitter system. The AFC 
circuit was designed to compensate for the drift inherent in these oscillators 
due to power supply variations, temperature, and load VSWR. Pulsing and 
leveling of the power output were accomplished by EM components external to 
the oscillator. 
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Millimeter-wave modulators using the Faraday rotation effect were 
manufactured by most of the same companies that marketed millimeter-wave Gunn 
diode asci 11 a tors. These modulators caul d, in general , be used to pulse 
millimeter-wave sources. They exhibited rise times too slow for this design 
application, however, and were used only to level the output signal of the 
Gunn oscillator. PIN diode switches were used to pulse the low-power signal 
according to the preset pulse width and pulse repetition frequency ranges. 
Klystron amplifiers are linear-beam (microwave or millimeter-wave} tubes 
which avoid the transit time limitations of more conventional grid-controlled 
amplifier tubes. They operate by velocity modulation of a focused electron 
beam rather than by density modulation of electrons with a fixed drift 
velocity as is the case with grid-controlled tubes. In the klystron 
amplifier, a beam of electrons generated by a small electron gun is directed 
through a centra 1 opening in a cavity res on a tor. Low-power EM energy is 
coupled into the cavity and interacts with the electron beam. In a klystron 
amplifier, the electron beam is directed into the central opening of another 
resonant cavity with the same resonant frequency as the input. In a two-
cavity klystron, the simplest type of klystron amplifer, the amplified signal 
is excited in this cavity by the velocity-modulated electron beam and then 
coupled out of this cavity and into the working load. Cavities can also be 
cascaded, increasing the gain at the expense of bandwidth. In a multicavity 
klystron, the intermediate cavities function to increase the modulation of 
the electron beam. As the electron beam propagates toward the collector (the 
positive electrode of the klystron}, it becomes defocused as a result of 
repulsion between the electrons in the beam. If positive ions are present, 
they tend to neutralize the negative space charge of the electron beam and 
keep it focused. However, in a multicavity klystron, a beam focusing 
apparatus (usually a series of electromagnets} is almost always required. 
Modern multicavity klystrons can achieve power gains as high as 60 dB, and 
exhibit linear amplification characteristics from zero-input signal levels to 
within 2-3 dB of saturation. 
Klystron amplifiers exhibit excellent noise characteristics. For a 
well-designed klystron operating with a well-regulated power supply, the 
noise generated in the tube will typically be negligible compared to the 
amplified noise from the driving source. Power supply regulation on the 
negative cathode supply is important, however. Phase ripple with respect to 
variation in the power supply voltage is given by 
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where ¢ = total phase transit angle through the klystron. Typically, 
'V 
¢ = lO(N-1) rad, (2) 
where N = number of cavities. Thus, the effect of power supply variation 
increases with the number of cavities in an approximately linear fashion. 
B. Design Approach 
Initially, a preliminary block diagram of a transmitter system that 
waul d potentially provide the perfonnance required by the design 
specifications was generated. This preliminary diagram is shown in Figure 1. 
The next step involved detennining component availability and examining 
potential means for implementing each of the blocks in this preliminary block 
diagram. The major difficulty in implementing this initial design arose with 
respect to the modulator/leveler subsystem. At first, an attempt was made to 
combine these functions in a single component; however, devices for 
accomplishing both these functions (such as PIN diode modulators) at 35 GHz 
were not commercially available. Therefore, it was necessary to separate 
these functions by incorporating both PIN diode switches and fer_ri te 
modulators in the modul ator/1 evel er subsystem. This change is reflected in an 
intermediate system block diagram shown in Figure 2. The following paragraphs 
discuss key design considerations of the final design approach. 
1. Klystron Amplifier 
Availability of a suitable klystron amplifier tube was found to be the 
single most critical factor in the design of the millimete~-wave transmitter 
system. Among the manufacturers contacted, only Varian Associates caul d 
supply an acceptable 1 kW, continuous-wave klystron amplifier operating at a 
frequency of 35 GHz. Varian offered three different approaches, the most 
economical of which utilized the Varian Type V-A928 Klystron Amplifier. This 
tube was a six-cavity klystron with a 50 dB power gain and a .:!:_ 30 MHz 
bandwidth. It provided a noise floor of -100 dBc and a phase sensitivity to 
power supply variations of 0.2 deg/V. This klystron amplifier was selected 
because it met the transmitter design speci fi cations and it was the 1 east 
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2. Gunn Oscillator 
Determination of the klystron amplifier to be used in the transmitter 
facilitated the specification of a suitable Gunn oscillator. Because the 
klystron amplifier provided 50 dB of power gain, the peak output power of the 
Gunn oscillator had to be only 10 mW (assuming no insertion loss through the 
PIN diode switch or the ferrite modulator). Because the leveler/modulator 
possessed a finite insertion 1 oss, an addition a 1 5 dB of power output was 
required of the Gunn asci 11 a tor, producing a final speci fi cation of 30 mW 
output power. This output power also satisfied the requirement on asci 11 a tor 
output power in the original Request for Quotation. 
All of the Gunn oscillators examined met or exceeded the noise 
specification of -35 dBc. Also, these oscillators demonstrated a high degree 
of spectral purity. Following the examination of commercially-available Gunn 
diode asci 11 a tors, two candidate devices were i denti fi ed. These were the 
Hughes Type 41661H and the Al pha/TRG Type A9500. The Hughes asci 11 a tor 
exhibited a much higher electrical tuning bandwidth (400 MHz as opposed to 100 
MHz for the Alpha/TRG Oscillator), but the Alpha/TRG unit had slightly better 
frequency and power stabi 1 i ty speci fi cations ( -1.5 MHz/°C and -0.04 dB/°C 
versus -2.0 MHz/°C and -0.05 dB/°C for the Hughes asci 11 a tor). The Hughes 
oscillator specifications quoted an AM noise-to-carrier ratio of -115 dBc in a 
1-kHz bandwidth. The noise specification for the Alpha/TRG oscillator was not 
given in a comparable form. 
To determine the drift and tuning requirements, the environmental condi-
tions specified in the original Request for Quotation were employed 
analyti ca.lly to determine the maximum drift of each asci 11 ator over the 
temperature range. To provide a more demanding estimate of the temperature 
fluctuation, the storage temperature variation specified was used, rather 
than the operating temperature variation. This variation was 61.25°C total. 
For the Hughes oscillator, this temperature variation would cause a frequency 
drift of 122.4 MHz and a power drift of 3. 06 dB. For the Al pha/TRG 
oscillator, this variation would produce a frequency drift of 91.8 MHz and a 
power drift of 2.45 dB. While this frequency drift was within the electrical 
tuning range (~ 200 MHz) of the Hughes oscillator, it is not within that of 
the Alpha/TRG oscillator(~ 50 MHz). Therefore, the Hughes Type 41661H Gunn 
Diode Oscillator was selected. 
The output waveguide for this oscillator was Ka-band with the WR28 desig-
nation. Therefore, all other mi 11 imeter-wave components were selected to 
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mate with this rectangular waveguide. 
3. PIN Diode Pulser 
The PIN diode switch shown in the block diagram of Figure 2 was used to 
pulse-modulate the signal produced by the Gunn diode oscillator. In theory, 
pulsing could be accompli shed using the ferrite ~odul a tor alone. However, 
available 35-GHz modulators did not satisfy the pulse rise time specification 
for the transmitter; therefore, a binary PIN diode switch, which did meet the 
rise time specification, was selected for pulsing the EM energy produced by 
the Gunn diode oscillator. A ferrite modulator was used to level the output 
of the transmitter. 
Since the klystron was a linear amplifier from zero-input signal to over 
a kilowatt, the on/off ratio of the pulsed power was important. In a typical 
mi 11 imeter-wave radar, the output power is zero between pulses. However, 
achievement of true 11 0ff/on 11 radar operation was not possible with the 
configuration of Figure 2 since the PIN diode switch 11 leaked 11 a small fraction 
of the applied energy even in the 11 0ff 11 state. This leakage was minimized 
through judicious selection of a PIN diode switch. An on/off ratio of 60 dB 
would produce an output power level of 1.0 mW between pulses. This isolation 
was achieved by using two Alpha/TRG Type A75001 single-pole-single-throw PIN 
diode switches, each having 30 dB isolation. 
This switch mated with the same waveguide (WR28) and flange (UG599/U) as 
the Gunn oscillator. A short, straight section of WR28 waveguide was used to 
join the two components. 
4. Power Leveler 
The ferrite modulator/leveler shown in the block diagram of Figure 2 was 
a Faraday rotation device which operated as an electronically-controlled 
variable attenuator capable of up to 30 dB attenuation. This was the 
operative device for the power-leveling loop. Under normal operating 
conditions, the modulator/leveler would provide an output to the klystron of 
approximately 10 mW (approximately -7 dB attenuation), pulsed according to 
the u ser-detenni ned pu 1 sing scheme. Under conditions which produced the 
maximum power drift in the oscillator of -3.06 dB, the modulator/leveler 
attenuation was automatically reduced to -4 dB, thus maintaining a level 
output. 
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Commercially-available ferrite modulators/levelers trade modulation 
rise time for bandwidth. Since modulation rise time (indicating ability to 
follow rapid changes in output level) was much more important than bandwidth 
in this single-frequency application, the ferrite modulator/leveler was 
chosen largely on the basis of modulation rise time. The Alpha/TRG Type A130 
ferrite modulator/leveler was therefore selected as most suitable. 
5. Pulse Generator 
The pulse generator (which drove the PIN diode switch) controlled the EM 
energy produced by the Gunn oscillator in such a manner as to generate the 
desired pulse waveform. Characteristics of the pulse generator were dictated 
by the operating conditions of the modulator which operated on the EM energy 
produced by the osci 11 a tor. These conditions included bias voltage, bias 
current, voltage swing, and rise time. 
With this transmitter design, a digital interface -to the pulsing 
circuitry was also provided. This interface facilitated the setting and 
control of desired pulse widths and consisted of a hybrid anal og/di gi tal 
system that performed any necessary operations on the digitally-set, user-
determined pulse characteristics. This digital information was then 
converted into a form which could be used to control the operation of the 
ferrite modulator. 
6. Monitor Points 
Monitor points within high-power signal sources are necessary for 
maintenance, to assure proper system operation, and to measure test 
parameters. Monitor points were desirable from the pulse generator, leveler, 
power supply, and klystron for ease of trouble shooting. To assure proper 
signal source operation, it was also desirable to monitor VSWR in the 
waveguide transmission 1 i ne, and to monitor the cooling system operation. 
Test parameters such as pulse width, pulse repetition frequency, signal 
frequency, and output power were also measured. 
The transmitter design requirements specified that the 1 oad VSWR be 
monitored and used in a variable-threshold, fail-safe control loop. The VSWR 
was therefore monitored by inserting a bidirectional coupler in the waveguide 
transmission 1 i ne. By measuring the forward and reflected power on the two 
ports of the bidirectional coupler, the VSWR could be determined. This VSWR 
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signal was then be used to control the VSWR fail -safe circuit, which would 
shut down the transmitter if the VSWR rose above the preset level. 
Figure 3 shows a typical design approach for monitoring VSWR and other 
test parameters from a bidirectional coupler inserted in the waveguide trans-
mission line. In the forward-power arm of the coupler, the signal is first 
attenuated to power levels compatible with the crystal detector, frequency 
meter, and power meter. The de tee ted output of the crys ta 1 detector is 
displayed on an oscilloscope so pulse rate, width, and shape may be 
determined. The measured power 1 evel is corrected for 1 asses and coupling 
factors to detenni ne the true forward power. Either peak power or average 
power level can be determined. The detected forward power is also 
incorporated as an input to the automatic power control circuitry shown in 
Figure 2. 
In the reflected-power arm of the bi directional coupler, the power is 
first attenuated to measurable levels. The power meter in this arm indicates 
reflected power after being corrected for 1 asses and coupling factors. A 
crystal detector and comparator circuit are used to provide an indication of 
the reflected power. Referring to Figure 2, a portion of the voltage from the 
/" 
reflected power detector may be routed to the automatic power control 
circuitry if it is desired that a constant net forward power to the load be 
maintained. 
7. Safety Interlocks 
A number of safety interlocks and circuits were necessary to protect the 
more expensive electronic components and to provide a high degree of personnel 
safety. To protect components, fi 1 ament overvol tage interlocks, a VSWR 
interlock, and coolant interlocks were designed into the system. Also, to 
assure that the tube fi 1 aments · had stabi 1 i zed at their final operating 
temperature before high voltage was applied, warm-up delays were designed 
into the signal source. Likewise, when de-energizing the signal source, cool-
down delays were provided. 
Personnel safety was a prime consideration during the final design and 
testing of the transmitter. Micro-switches were therefore used on cabinet 
doors to shut down the high-voltage supply if a door was inadvertently opened. 
A 1 so, keyed interlocks were used to prevent operation of the equipment by 
unauthorized personnel. 
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8. Automated Power Control 
Figure 4 illustrates the automatic power control concept. The 
difference between the detected forward and reverse power was used to maintain 
a constant net power delivered by the system under changing VSWR conditions. 
The set point voltage was used to determine the initial attenuation of the 
ferrite modulator, nominally 5-7 dB. The offset adjustment was required to 
compensate for the normal difference in the forward and reflected detected 
power levels. The new output of this circuitry was used to vary the modulator 
voltage and thereby control the klystron power output. 
9. Automatic Frequency Control 
In Figure 5, the automatic frequency control concept is illustrated. As 
indicated, the tuning capability of the Gunn diode oscillator was used to tune 
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After evaluating the performance capabilities of the transmitter 
subsystems shown in Figure 2, minor changes were incorporated and the design 
was frozen. The final design is shown in block diagram format in Figure 6. In 
this diagram, it can be seen that the signal from the 20-mW Gunn oscillator 
source was routed to PIN diode switches (two switches in series to provide the 
necessary attenuation in the "off" mode) where they were pulse-modulated by 
the output of the pulse generator. Next, the signal was leveled with a 
ferrite modulator. A manual amplitude control was also incorporated into this 
stage as an additional feature. After passing through these stages, the 
signal had experienced a maximum attenuation of 5 dB, resulting in 15 dBm to 
drive the klystron amplifier. Since the klystron amplifier was capable of 
producing 1 kW (+30 dBw) of power at 35 GHz at a gain of 50 dB, a 5 dB safety 
margin was provided in the driving signal. This stage incorporated the 
various safety features required in a high-power transmitter, i.e., thermal 
shutdown, arc detector, VWSR monitoring, etc. The signal from the klystron 
amplifier was next routed to a bidirectional coupler which provided samples of 
forward and reflected power. These power samples were detected and used to 
compute VSWR, net power, and duty factor. VSWR and net power were used in the 
shutdown and leveling circuits, respectively. In addition, front-panel 
readouts of these parameters were provided. Finally, the amplified signal was 
coupled to a waveguide switch where it was routed to either a 50 ohm resistive 
1 oad or to an antenna through an EH-tuner. The antenna was provided by the 
Army Medical Research and Development Command, and was not available to this 
project. 
The block diagram in Figure 7 documents the final design of circuits 
associated with the low-power subsystem's AFC loop and frequency counter. The 
fundamental signal source was the solid-state, voltage-controlled Gunn 
oscillator discussed earlier, and it had an associated AFC loop and digital 
frequency counter. A small sample of the 35-GHZ signal was obtained from the 
directional coupler and mixed in the harmonic mixer with the third harmonic of 
an 11.5-GHz signal from a phase-locked source. The resulting nominal 500-MHz 
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Figure 7. Final block diagram of the low-power subsystem's AFC loop and frequency 
counter. 
TCH 
This signal was then routed to both a discriminator and a counter. In the 
discriminator, the signal was compared with the output of a crystal-
controlled reference and generated an appropriate error signal for correcting 
frequency drift in the asci 11 a tor. The frequency counter used the same 
reference to provide a readout of sign~l frequency. Accuracy of both the AFC 
1 oop and the frequency counter was ~ 5 ppm ( ~ 175 kHz) over the specified 
temperature range. The AFC loop in this final design corrects a major problem 
that would. have occurred if the intennediate design shown in Figure 2 had been 
used. This problem was the fact that, in the event of a large initial 
frequency drift (as could occur at start-up), the AFC signal would be lost 
because of klystron shut-down. If this initial drift were outside the 
klystron bandwidth, the klystron would malfunction, thereby activating the 
shutdown subsystem and destroying the AFC signal. Thus, there would be no 
opportunity for the AFC loop to stabilize the output power. The final design 
eliminates this potential problem by deriving the AFC signal from a point 
ahead of the critical klystron stage. 
Also associ a ted with the 1 ow-power subsystem was the pulse generator 
circuitry shown in Figure 8. This circuitry incorporated a digital frequency 
synthesizer to control pulse repetition rate and a counter to control pulse 
duration. BCD thumbwheel switches were used to preset pulse rate from 100Hz 
to 10 kHz in 100-Hz steps and pulse duration from 10 microseconds to 25 
microseconds in !-microsecond steps. The frequency synthesizer employed a 
phase lock approach in which a voltage controlled oscillator (VCO) was forced 
to operate at a frequency n times that of the reference frequency. Thus, a 
100Hz reference and values of n between 1 and 100 resulted in a pulse rate of 
100Hz to 10kHz in 100-Hz steps, as required. Pulse duration was controlled 
with a presettable down-counter and a 1-MHz clock (which was also used to 
generate the reference for the frequency synthesizer). At the start of each 
pulse, the counter was preset to a number between 1 and 25 corresponding to 
the desired pulse duration as set on the thumbwheel switches. The counter 
then counted at the 1-MHz clock rate until zero was reached, at which point 
the pulse was terminated and the counter reset. 
In developing the final design for the transmitter system•s power 
supply, a decision was made to procure the supply from an external vendor 
rather than design and construct it inhouse. Therefore, a list of performance 
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Figure 8. Final block diagram of the low-power subsystem's pulse generator circuitry. 
cost and delivery quotations. It is noted that efforts to generate the 
performance specifications for the power supply were difficult because very 
little information was available from Varian Associates on the operational 
requirements for the Type VA-928A Klystron Amplifier. Part of this difficulty 
stemmed from the fact that the klystron amplifier was being procured by the 
sponsor and provided to this project as government furnished equipment; 
therefore, the major contacts with the klystron manufacturer were indirect 
(through the sponsor) rather than direct. The magni tu·de of this di ffi cul ty is 
evident in the fact that it was never possible to obtain a formal listing of 
klystron amplifier operational requirements from Varian Associates. 
Consequently, power supply requirements were generated on the basis of verbal 
conversations describing what was expected to be necessary for the klystron 
amplifier. These verbal requirements and the scoring of vendors capable of 
pro vi ding the power supply are presented in Table I. As a result of the 
scoring and in consultation with the sponsor, it was decided to procure the 
power supply from Megavolt Corporation in Hackensack, NJ. 
In the final analysis, the power supply procurement proved to be a 
problem in nearly every respect. Midway in the power supply construction 
effort, Megavolt Corporation moved their plant from Hackensack, NJ to Deer 
Park, NY. This resulted in major time delays in the delivery schedule. After 
extensive interactions with Megavolt Corporation on late delivery, the power 
supply was finally subjected to a formal Acceptance Test, which it 
satisfactorily passed with the exception that the ripple voltage under full 
load conditions was 0.013 percent instead of the required 0.010 percent. The 
acceptability of this higher ripple voltage and its possible effect on perfor-
mance of the klystron amplifier were checked with Varian Associates. With 
their concurrence, the power supply was accepted with this performance 
deviation. 
Immediately after the Acceptance Test, Megavolt Corporation failed as a 
business, and it was not possible to obtain assistance with difficulties 
encountered after delivery of the power supply. For example, the only 
documentation received with the power supply was an overall drawing (Figure 9) 
showing wiring interconnections between subassemblies in the power supply. 
No documentation was available on any of the subassemblies and, when the 
wiring interconnecitons were manually traced, many of them did not agree with 







COMPARISON OF POWER SUPPLY VENDORS FOR VARIAN TYPE VA928 KLYSTRON 
Power Supply Requirements 
Megavolt Corporation 
Hackensack, N.J. 
12 kV output at 1.0 amp max. (adjust.) Yes 
5.5 V output at 3.0 amps Yes 
0.1 percent HV regulation Yes 
0.01 percent HV ripple Yes 
20 microsecond crowbar response time Yes 
25 amp Hv current limit Yes 
150V output at 3-to-6 amps {adjust.) Yes 
Arcing protection (~$2550) No 
Over temperature protection Yes 
Body current protection Yes 
Electromagnet undercurrent protection Yes 
VSWR protection Yes 
5.0 amp max. surge current for 
filament 
Integration with klystron 
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208V, 3 , 70A 
6 months 
500 pounds 






Universal Voltronics Corp. 
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Power supply documentation provided by Hegavolt Corporation. 
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direct and printed-circuit-board wiring between components until schematic 
diagrams could be derived. In doing this, numerous under-rated and otherwise 
·inappropriate components were i denti fi ed and replaced. 
After power supply documentation was generated and necessary design 
modifications were incorporated, efforts were begun to interconnect the power 
supply and klystron amplifier. This involved an increased direct interaction 
with engineers from Varian Associates, and numerous design requirements not 
previously identified began to surface. The most serious of these were as 
fallows: 
• the "hard-on" 5.5 volt AC filament requirement stated on the 
klystron amplifier data sheet was changed to a gradually-applied 
6.3-volt DC requirement with a surge limiting capability to assure 
that the filament current did not exceed 5.0 amps, 
• a 5.0 volt, 10 amp power supply for an additional coil on the 
klystron magnet was required, 
• x-ray shielding of the klystron amplifier was specified, 
• a waveguide pressure monitor was required to remove beam vo 1 tage 
from the klystron when the waveguide pressure dropped bel ow 18 
psia, oprotective circuits were required to remove beam voltage 
from the klystron within 30 microseconds after the body current 
exceeds 120 percent of the name plate value, and 
• a front panel monitoring capability was required for the klystron 
body current. 
These new requirements tended to surface one-at-a-time rather than all at one 
time; therefore, it was not possible t~ view them all at one time and define 
an optimized overall course of remediaJ action. Three of the new requirements 
were resolved in a straight-forward manner as follows: 
• A new 5.0 volt, 10 amp power supply for the additional coil on the 
klystron magnet was ordered and installed in the transmiter 
cabinet. The only real difficulties with this were the last-minute 
rearrangement of previously-installed components and the addition 
of more interconnect wiring. 
• Records of X-ray emission levels measured by Varian Associates 
prior to shipping the klystron amplifier were reviewed relative to 
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the metal shi el ding provided by the transmitter cabinet. It was 
concluded that no additional shielding of the installed tube would 
be necessary. 
• The requirement for a waveguide pressure monitor that would remove 
the beam voltage at pressures below 18 psia was relaxed by Varian 
Associates to the extent that the existing pressurization system 
and monitor were acceptable. The existing system provided a 
pressure 1-to-2 pounds above the atmospheric level and was 
detenni ned to be sufficient to prevent arcing that might result 
from pulse-to-pulse breathing of the waveguide. 
Resolution of the changed requirement for the fi 1 ament voltage was 
considerably more involved than resolution of the above new requirements. 
First, the 5.5-volt AC supply in the megavolt power supply was disabled. Then 
a new constant-current supply with a 6.3-vol t DC output at 2.8 amps was 
designed and constructed. Fallowing construction, it was bench-tested to 
assure its compliance with performance requirements. Since this supply had to 
float at -12 kV, locations for its installation within the transmitter cabinet 
were extremely limited. It was, in fact, finally mounted to the bottom side 
of one of the cabinet shelves. Because this supply floated at -12 kV, it was 
mounted on a Plexiglas bracket provided with standoffs to isolate if from 
ground potential. After completion of the filament supply mounting and wiring 
interconnection, Varian personnel requested that voltage and current monitors 
also be. provided. This requirement apparently resulted from concern that, as 
a result of filament aging, there would be a need for frequently readjusting 
the supply output in order to maintain the specified power from the klystron 
amplifier. Voltage and current meters were therefore purchased and mounted on 
another Plexiglas bracket in an area beneath the bottom shelf of the 
transmitter cabinet. This mounting 1 ocati on was inconvenient for visual 
observation, but since the requirement did not exist during layout of the 
front panels, no~ priori provisions were made for a more convenient location. 
To facilitate reading the voltage and current values, a hinged front panel was 
obtai ned and mounted on the cabinet in front of the meters. With this 
approach, a safety feature was provided for the -12 kV voltage, yet the meters 
could be accessed by physically opening a hinged front panel. 
Resolution of the new requirement for removing beam voltage within 30 
microseconds after the klystron•s body current exceeded 120 percent of its 
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nameplate value involved several design changes. In understanding these 
changes, it is noted that provisions for quickly removing the beam voltage 
following any one of several unacceptable performance conditions were 
designed into the Megavolt power supply. However, this design involved 
routing the "kill" signal through relay contacts, and the response time of the 
total circuit was approximately 20milliseconds. This 20-millisecond time period 
was the one i ni ti ally provided by Varian Associates when the power supply 
design specifications were being generated. To provide a 30-microsecond beam 
voltage removal time, the "kill" circuit was first redesigned and the relay 
contacts were replaced with silicon controlled rectifiers whose switching 
time was less than 10 microseconds. 
Simultaneous with the redesign and installation of the circuit to remove 
the beam voltage in 30 microseconds or less, another new design was being 
installed to provide a monitoring circuit for the klystron body current. This 
involved isolating the klystron body from ground at all points except for one 
path through an added 200-ohm resistor. Current through this resistor was 
monitored and used to trigger the beam voltage removal circuit if a level 120 
percent of the klystron's nameplate value occurred. 
While the above-described efforts were underway, plans were also 
. progressing for performance of the transmitter system's Acceptance Test; how-
ever, because of uncertainities related to beam voltage removal time, this 
test was considered to be preliminary. Preparatory efforts for this 
preliminary test were primarily concerned with designing and constructing a 
temporary cooling system and coordinating the Test Plan with persons at Varian 
Associates. 
A temporary cooling system was required because the sponsor planned to 
ultimately connect the transmitter system to a central cooling system to be 
provided in the Department of r4i crowave Research at the Walter Reed Army 
Institute of Research. Therefore, this research and development effort did 
not require a cooling system as an integral part of the transmitter. However, 
for the preliminary Acceptance Test, coolant was required at the following six 
locations: klystron collector, klystron body, klystron window, klystron mag-
nets, system load, and arc detector. Consistent with the lack of key informa-
tion for the electronic design efforts, coolant flow rates were not available 
for the klystron window, arc detector, or load. After unsuccessful telephone 
conversations attempting to define these rates, it was decided to use a flow 
rate of 2 gallons per minute {GPM) for the klystron window {the specified flow 
rate for the klystron body), and a flow rate of 0.5 GPM for the arc detector 
and 1 oad (the same flow rate for the klystron magnets). Using these flow 
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rates, a cooling system with six parallel branches was designed and 
constructed. On the supply side, each branch included a flow indicator 
(circulating red ball in a clear plastic enclosure), a flow valve (for 
adjusting the flow rate), and a flow switch (to shutdown the beam voltage if 
the flow dropped below specified minimum rates). On the return side, each 
branch included a coolant temperature monitor capable of de-energizing the 
beam val tage if the temperature exceeded the specified 1 evel of 40°C. The 
flow switches were obtained from Proteus Manufacturing Company in Mountain 
View, CA, and were precalibrated to the flow rates required by the various 
transmitter components. 
The procedure generated for use during the preliminary Acceptance Test 
required that first efforts be directed to the 1 ow-power section of the 
waveguide circuit. This circuit waul d be tenni nated at the klystron input 
whi 1 e monitoring instrumentation was used to demonstrate ( 1) the range and 
selection of pulse parameters and (2) the operation of the AFC circuit. The 
Megavolt power supply waul d then be energized and operated at full val tage 
into a dummy 1 oad whi 1 e measurements were made to show that a 11 required 
val tages were present and within speci fi cation. The abi 1 i ty to adequately 
shutdown the power supply would be demonstrated under the following simulated 
conditions: ( 1) anode over-current, ( 2) magnet under-current, ( 3) body over-
current, and (4) shutdown bus (are detector, VSWR monitor, door interlocks, 
etc. ) . Next, the approach used to monitor the output power waul d be 
demonstrated and verified. Finally, the klystron would be energized and the 
high-power portion of the transmitter tested. Thjs would initially involve 
applying a power supply voltage that yielded a 100-to-200 watt output, during 
which body current, reflected power, forward power, temperature rise in the 
power supply and transmitter cabinets, and leveling loop performance would be 
monitored. The output power level would then be gradually increased while the 
pulse waveform was displayed for observation. 
During May 1983, Mr. Brian Roach of Varian Associates directed the 
preliminary Acceptance Test. Individual electronic and waveguide circuits 
were meticulously checked out, their operational status was verified, and the 
power monitoring circuit was calibrated. The Acceptance Test then proceeded 
in accordance with the previously-defined procedure and the transmitter 
output power level was gradually increased to 400 watts. At this point, all 
electronic and waveguide circuitry was functioning satisfactorily and within 
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specifications, and there was no measurable increase in the collector coolant 
temperature. Mr. Roach then requested that the test be terminated until final 
decisions were reached regarding shutdown time for the beam voltage in the 
case of excessive klystron body current. 
Tests conducted to determine the ability of the body current monitor to 
remove the beam voltage within 30 microseconds revealed that it would, in 
fact, remove high voltage with·in 20 microseconds. However, when adjusted to 
do this, noise generated by interwinding capacitance in the Megavolt power 
supply transformer caused premature triggering. When filtering was added to 
remove the noise, the response time of the shutdown circuit was unacceptable. 
It was concluded that replacement of the main transformer in the Megavolt 
power supply was the only way to realize a body current monitor capable of 
removing beam voltage within 30 microseconds. However, this would be a costly 
and time-consuming effort that would be made even more difficult by the fact 
that the replacement transformer would be larger than the existing one. In 
view of the crowded conditions in the power supply cabinet, it did not appear 
possible to locate a larger transformer in the existing cabinet. 
In view of this situation, extensive conversations were held with the 
sponsor and design engineers at Varian Associates. The major concern of these 
conversations was whether or not a 3D-microsecond shutdown time was 
absolutely necessary for klystron protection, and, if not, what relaxed time 
requirement must be met. These conversations resulted in Mr. Roach and other 
Varian engineers verbally agreeing that a 20-millisecond shutdown time was 
acceptable; however, they would not document this opinion in a way such that 
the warranty on the $48,500 klystron amplifier could be maintained. 
Prior to directing that the beam voltage shutdown time for the body 
current monitor be increased to 20 mi 11 i seconds without written agreement 
from Varian Associates, the sponsor decided to convene a panel of transmitter 
design experts. The shutdown situation would be described to these experts 
and their opinions regarding the relaxed shutdown time would be sought. 
However, before this panel could be convened, the Contracting Office at the 
Army Medica 1 Research and Development Command decided that the requested 
contract time extension should be denied. This Office then required that the 
incomplete transmitter system be delivered to the Walter Reed Army Institute 
of Research (WRAIR). This requirement was reluctantly complied with and the 
transn1itter system, minus the klystron amplifier, was shipped. Subsequent to 
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the transmitter system's arrival at WRAIR, the klystron amplifier plus a 
updated schematic of the Megavolt power supply and schematics of the Georgia 
Tech-designed circuits were delivered. The klystron amplifier was installed, 
the system was visually inspected and operation of the low-power subsystem was 
demonstrated satisfactorily. Checkout of the high-power subsystem was not 
attempted because the issue of body current shutdown time was still 
unresolved. 
As delivered, the transmitter system consisted of a transmitter cabinet, 
a power supply cabinet, a power cable for interconnection with three-phase 60-
Hz power, and a high voltage (17 kV) cable for interconnecting the transmitter 
and power supply cabinets. Photographs of this system just prior to delivery 
are shown in Figure 10 and a waveguide-based diagram of the system is 
presented in Figure 11. A copy of the specification sheet and general 
operating instructions for the Varian Type VA 928A Klystron Amplifier is 
provided in the Appendix. It is the opinion of the authors that a 20-
mi 11 i second shutdown time for excessive k 1 ys tron body current waul d be 
acceptable. This opinion is based primarily on the fact that magnet current 
was being monitored and was demonstrated to remove the beam voltage within the 
specified time. 
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Varian Type VA 928A Klystron Amplifier 
Transmitter Front View Transmitter Side View 
Figure 10. Photographs of transmitt er system. 
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cw Klystron Amplifier 
Serial No. 13 
QUALITY CONFORMANCE INSPECTION DATA FORM 
ACCEPTANCE TESTS 
TEST CONDITION 
Co 11 • FJ ow = 6 • 0 
Body Flow = 2. 0 
Mag. Flow = .5 
Ef = 6.3: volts 
Ef = 6.3 volts 
Eh = 12.0 kV 
(without rf drive) 
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Ib = J.6 
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BEAM VOLTAGE \I· 0 kV 
BEAM CURRENT .88QA 
BODY CURRENT 4- rnA 
POWER OUTPUT I. 0 kW 
DRIVE POWER 1.] mW 
GAIN 57.1 dB 
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AMENDED OPERATING INSTRUCTIONS 
The VA-928A, S/N 13 has several modifications to the existing Operating 
Instructions. 
1. The klystron utilizes a built-in gun coil to supplement 
the main VA-1928 Electromagnet. The leads for this coil 
are attached to the input waveguide run. 
The VA-1928 Electromagnet should be connected according to 
the polarity shown on the electromagnet's frame. The gun 
coil should be connected as shown on its polarity tags. If 
desired, · the gun coil may be connected in series with the 
electromagnet. 
With proper polarity on both coils, body current should not 
exceed 5 rna for beam voltages up to 11 kilovolts. 
2. It is recommended that the resistances of both electromagnet 
coils and the gun coil be recorded upon installation of the 
system. 
3. The heater voltage should be 6.3 volts D.C. The common 
heater-cathode lead (white) should be connected to the 
positive side of the heater supply. 
4. To ensure stable operation, the drive powers given on the 
data package should not be exceeded. 
S. E. A 11 en 
B. Roach 
26 July 1982 
INTRODUCT10N 
These Operating Instructions provide basic Information -
for Installing and operating the VA-928A klystron 
amplifier. Additional informatton is given In the Test Per-
formance Sheet and the Technical Specification. The 
Technical Specification contains characteristics, opera-
ting values, and an outll·ne drawing. The Test Perfor-
mance Sheet, which is shipped with the tube, contains 
results of electr-Ical, tests at specific frequencies for the 
individual tube. Requests for copies of this publication or 
additional information should be addressed to: 
Manager, Tube Sales 
Vartan Aasoctates. Inc. 
Palo Alto Microwave Tube Division 
811 Han.., Way 
Palo Alto, California 94303 
(415) .... 000 
TWX: 91().373-1731 
For more detailed' tube operating procedures in specific 
equlpments, consult the applicable equipment manuals 
and equipment performance standards. In case of con-
flict, equipment manuals and performance standards 
shall govern, except for the absolute maximum ratings 
on the tube. Addltlonall'nformatlon may be obtained from 
the equipment manufacturer. Some operational details 
specified by the equipment manufacturer may vary from 
those given herein. , 
WARNING 
SERIOUS HAZARDS EXIST IN THE OPERATION OF 
MICROWAVE TUBES. BEFORE ATTEMPTING ANY 
TUBE OPERATION, CAREFULLY READ AND 
UNDERSTAND THE "OPERATING HAZARDS" 
SECTION FOLLOWING THESE OPERATING IN· 
STRUCTIONS, AS WELL AS THESE INSTALLA· 
TION AND OPERATING INSTRUCTIONS. A COPY 
OF "OPERATING HAZARDS" IS ALSO SHIPPED 
WITH EACH TUBE. 
VA·928A- SPECJF1C HAZARDS 
Varian as a component supplier can assume no respon-
sibility for any damage or injury resulting from operation 
of Varian microwave tubes. The transmitter connected 
with this tube must be designed to protect personnel 
against all operating hazards. Installation and operating 
precautions should be observed, and ratings given in the 
Test Performance Sheet must not be exceeded. 
Pub. No. 4479 E.O-. No. 10-92201 1/82 
VA·928A-
High Voltage - Voltages required for operation of this 
tube are extremely dangerous to life. The equipment 
must be designed so that the operator cannot come into 
contact with high voltages. High voltage circuits and ter-
minals must be enclosed, and interlocking switch cir-
cuits must be maintained so that they open the primary 
circuits of the power supply and discharge high voltage 
condensors when access is required 
WARNING 
DO NOT HI·POT 
Microwave Radiation Precautions should be taken to 
prevent exposure of personnel to the strong microwave 
fields generated by this tube. Exposure to rf radiation 
generated by this tube during operation may cause 
serious bodily injury, possibly resulting in blindness or 
death. Cardiac pacemakers may be affected. Microwave 
radiation due to !leakage at the waveguide flange should 
be prevented by making tight rf Input and output connec-
tions. For this reason, rf energy must be contained by 
waveguides and shielding. Never operate this tube 
without a microwave energy abso~ing load or antenna 
attached. Never look into an open waveguide or antenna 
while the tube is energized. 
If voltages are to be applied when the tube is not con-
nected into a waveguide system, the rf input and the out-
put flange should be closed tightly with shielded termina-
tions. 
X-Radlatlon - This tube may produce dangerous 
x-radiation during operation. Serious exposure can occur 
without personnel being aware, and serious personal in-
jury or death may occur as a consequence at some later 
date. 
The shielding provided by the transmitter manufacturer 
must be in place whenever high voltage is required. 
Beryllium Oxide - This tube may utilize a beryllium ox-
ide output w.indow ceramic. The dust and fumes from 
beryllium oxide are highly toxic and can cause serious in-
jury or death. 
Also, a beryllium ceramic insulator is contained within 
the electron gun section of this tube. Do not alter 
disassemble, grind, lap, fire, chemically clean, or perfor~ 
any other operation which could possibly generate lethal 
dust or fumes on this part of the tube. 
Printed in U.S.A. 
varian/QaJo aJto microwave tube division/611 hansen way/paJo aJto/caUfomia/94303 
Implosion Hazard - Ceramic windows in microwave 
tubes can shatter on impact or crack in use, possibly 
resulting in injury from flying particles or from beryllium 
oxide dust or fumes. 
Elevated Temperature - Portions of this tube may at-
tain elevated temperatures (notably the collector and gun 
coolers) during operation. Avoid physical contact for a 
sufficient period after operation is terminated to permit 
adequate cooling. 
Corrosive and Poisonous Compounds - Some dlelec· 
tric gases may be used in the external waveguide portion 
of microwave tubes, which may, upon microwave or high· 
voltage breakdown, combine with impurities to form 
highly toxic and corrosive compounds. 
These hazards are specifically described in the 
Operating Hazards Section immediately following these 
operating instructions. Equipment using these tubes 
must be designed to minimi,ze risk to personnel from 
these hazards. Equipment manufacturers and users 
must develop and institute procedures suitable for the 
particular equipment and specific use to guard against 
all hazards which are not eliminated through equipment 
design. 
WARNING 
DO NOT ATTEMPT TO OPERATE THIS TUBE UNTIL 
IT HAS BEEN DETERMINED THAT ALL PRECAU· 
TIONS HAVE BEEN TAKEN TO PROTECT PER· 
SONNEL FROM AI.L HAZARDS. PROTECTIVE 
DEVICES SUCH AS SHIELDS AND INTERLOCKING 
SWITCH CIRCUITS MUST BE IN OPERATION. 
REREAD AND COMPLY WITH ALL PRECAUTIONS 
AND PROCEDURES SPECIFIED IN THE 
"OPERATING HAZARDS" SECTION. 
PROTECTIVE MEASURES 
This tube must be used in equipment which provides 
automatic protection as described below. In addition, in-
stallation and operating precautions must be observed 
and ratings shown within the Test Performance Sheet 
must not be exceeded. Failure to comply fully with the 
foregoing may result in tube failure, damage or decreas-
ed operating life. Any tube damage or failure resulting 
from failure to comply with those requirements or which, 
in Varian's opinion, could have been avoided by com· 
pliance with these requirements will void the Varian war-
ranty. 
Heater Voltage - Heater voltage must be applied for at 
least 10 minutes before applying beam voltage. Heater 
surge current must be limited to 5 amperes. 
The heater voltage supply may be either ac or de. When a 
de heater supply is used, the positive side of the supply 
should be connected to the WHITE lead. 
Beam Voltage - Protective circuitry must be provided 
to limit the maximum beam voltage. Interlocks must pre-
vent the application of beam voltage before the heater 
has warmed tJp, coolants are flowing, and the focusing-
coil currents are applied. Beam voltage must be removed 
within 30 microseconds if the focusing field fails. 
Beam Current - Protective circuitry must be provided 
to remove the beam voltage within 30 microseconds if 
the beam current exceeds 120% of nameplate beam cur-
rent. 
Body Current - Protective circuitry must be provided to 
remove the beam voltage within 30 microseconds if the 
tube body current exceeds i ZO% nameo 1 ate va 1 ue. Th i 
nameplate value may fall in the range of 3- 1 0 
milliamperes. 
Focuslng·Field Protection - If the focusing field fails, 
causing a large portion of the beam energy to be 
dissipated in a small area, tube failure can result within a , 
few milliseconds, therefore, beam voltage must be 
removed within 30 microseconds in the event of focusing 
field failure. Protective circuitry in the focusing coil cir-
cuit must remove beam voltage if the current falls 0.5 
ampere below the magnet current stamped on the 
nameplate. When a constant current supply is in use, a 
10% rise in applied electromagnetic voltage over the 
steady-state value must trigger removal of beam voltage. 
Liquid Cooling - The tube must be used with a proper-
ly designed and operated cooling system. Scaling and 
corrosion must be minimized to realize optimum tube 
performance and lite. Metals used in the cooling system 
should be ctose to copper in the galvanic series. Zinc 
bearing alloys should be avoided. 
If the coolant is to be subjected to sub-freezing en-
vironments, steps must be taken to prevent its freezing in 
the tube. The use of coolant heaters is recommended 
under such conditions. Contaminants such as soaps, 
foaming detergents and water soluble oils as well as par-
ticulate matters must be kept to a minimum. Exposure of 
the coolant to air should be minimized. A coolant 
purification loop and/or coolant filtering may be 
desirable adjuncts. Freedom from contamination in the 
cooling system is an important consideration in obtain-
ing maximum life. Only pure fluids should be used. The 
system should be drained, cleaned, and refilled with 
fresh fluids at least annually. All possible sources of oils 
or greases should be eliminated. 
The tube body, collector and magnet inlet coolant 
temperatures must not exceed 40°C. Interlocks must 
remove the beam and magnet voltages if the inlet coolant 
temperature exceeds this limit and/or the flow is 
inadequate. 
Protective flow rate interlock circuits should also be pro-
vided. The maximum static pressure must not exceed 125 
psia in the tube body, in the electromagnet, or in the col-
lector system. 
The coolant should never be permitted to freeze in the 
tube. The permitted inlet coolant temperature range 
without damage is from 10 oc to 40 oc. The body coolant 
temperature range tor specified performance is 10 oc to 
40°C. 
The following information is based on liquid cooling in a 
system at atmospheric pressure and sea level. Interlocks 
should be provided to remove the beam voltage if the 
coolant flow falls below any of the following values 








With different coolants or conditions, other values of 
minimum flow or maximum temperature can be used, but 
the Varian Tube Sales Department should be consulted 
tor recommendations. 
Reflected Power - The VA-928A must be operated Into 
a matched load for optimum performance. The klystron 
' should not be used with loads which produce reflected 
power greater than 12 watts. This is approximately 
equivalent to a VSWR of 1.25:1 ·at 1 kilowatt output. 
··Higher values of reftected power may damage the output 
window. ·Protection should be provldedl between the tube 
and any transmission line components. A sample of . 
reflected power obtained from a directional coupler 
should operate a circuit which will remove rf drive from 
the tube within 10 microseconds If the reflected power 
exceeds 12 watts. It Is not necessary to remove beam 
voltage. Operation of the protective circuit should be 
checked regu I arty. 
The input drive line and output waveguide VSWRs must 
be checked before tubes are initially Installed Into the 
system. The rt driver should be protected against 
reflected power by inserting an isolator between it and 
the tube. The isolator should give sufficient isolation to 
protect the rt driver. 
Wavegu•de Pressurization - To prevent arcing in the 
output waveguide, It Is recommended that it be pressuriz-
ed between 20 and 30 psla using dry nitrogen or dry air. A 
pressure activated switch must remove beam voltage 
from the tube when the waveguide pressure drops below 
18 psla. See Operating Hazards Sections. 
Arcs (In the Tube) - The power supply must have suffi-
cient impedance in series with the klystron to prevent arc 
damage. The power supply must also have a protective 
device which will remove the beam voltage within 30 
microseconds in the event of an arc in the tube. . 
RF Leakage - Under certain conditions, regeneration 
or oscillation can occur if rf energy from the output line 
or radiation from antenna reaches the input by way of 
faulty rf connectors, leaky cable, or inadequate shielding. 
External leakage wifil be prevented by making good rf in-
put and output connections. RF radiation is hazardous. 
HANDLING 
Heavy Weight - Do not attempt to lift the VA-928A 
klystron or the VA-l 92celectromagmet without a hoist 
and appropriate lifting devices. 
Unpacking - The tube is shipped In an approved 
package which will protect the tube from handling abuse. 
If the outer container shows evidence of being dropped 
or is punctured, open the package and inspect the tube 
for damage. 
Inspection - Inspect the tube when it is removed from 
the container. If any obvious defects appear, a report 
should be sent to the factory at once. Any damage during 
shipment should be reported to the carrier. 
INSTALLATION 
Tube Handling - Sufficient care In handling the tube 
must be used to avoid bending any of the metal parts, or 
breaking any of the ceramic insulators, or the output 
waveguide w4ndow. More specU,Jcally, do not put any un-
supported weight on the end of the output waveguide. 
Also, do not lift the tube by the collector, the output 
waveguide, the cathode assembly, or the lead wires. It is 
recommended that the tube be handled by the magnet 
side plates. 
Tube ~nspectlon - Check the rf output window. No 
foreign particles of any k.tnd should be between the cop-
per flange and the ceramic window. The ceramic window 
must be perfectly clean. If necessary, clean the window 
using acetone and a camel's hair brush. 
Mounting 
Drawing Dl28l93- VA-928A and Magnet 
CAUTION 
USE MAGNET FRAME AS A HAND-HOLD FOR 
LIFTING TUBE. DO NOT HANDLE THE TUBE BY 
THE WAVEGUIDE FLANGES. 
1. Mount the\/ A- 1 92 8 electromagnet, with its major 
axis vertical, using the four mounting holes at the 
bottom of the magnet structure. 
2. Lift off the upper magnet coil by removing the four 
5116-24 socket head cap screws holding it to the 
magnetic frame. These screws are located on the 
two side plates. The coil assembly is quite heavy and 
must be adequately supported when removing the 
screws. 
3. Lift the klystron with one hand by gripping the cylin-
drical section of the collector as much on the body 
side of the ceramic collector seal as possible. Guide 
the tube into the electromagnet with the other hand 
placed lightly around the silicone rubber insulator at 
the top of the cathode seal next to the tube body. 
CAUTION 
NEVER LJFT THE TUBE BY THE CATHODE LEADS 
OR MOLDING, INPUT OR OUTPUT FLANGES, THE 
INSULATED SECTION OF THE COLLECTOR, OR 
THE COOLANT FITTINGS ON THE COLLECTOR 
OR BODY. THE KLYSTRON SHOULD BE SEATED 
IN THE LOWER MAGNET ASSEMBLY GUN END 
FIRST. 
4. Connect the body coolant lines to the body coolant 
fittings. The fittings are 1/4" 37° flared tube fittings. 
Always use two wrenches to minimize the stresses 
transmitted to the body of the klystron from the 
coolant fittings. 
5. Replace the upper magnet coil and check to be sure 
it is mated properly with the klystron. Use extreme 
care to prevent the electromagnet from contacting 
the collector. 
6. Replace the four 5/16-24 screws to secure the upper 
magnet coil assembly to the magnet frame. Carefully 
connect the colrector coolant lines to the 3/8" 37" 
flared tube fittings located at the end of the collec· 
tor. The fittings are marked inlet and outlet. The 
coolant source must be connected to the fitting 
marked Inlet. Two wrenches must be used when 
securing the coolant lines to the collector fittings to 
minimize the stresses applied to the collector. 
The waveguide system must be carefully aligned to the 
tube so that when it is connected no stress wi.U be placed 
on the tube waveguides. Also check that there are no 
electrical discontinuities at the flange faces when the 
screws are tightened. 
It Is always preferred to let the exact location of the tube 
be governed by the output waveguide flange. Refer to the 
Outline Drawing for the location of the mounting bracket 
and holes. 
CAUTION 
ERRORS IN AUGNMENT CAN RESULT IN WIN· 
DOW FAILURE AND LOSS OF THE TUBE. 
Coolant Connections - Mating coolant fittings for the 
coolant connectors on the tube and electromagnet are as 
follows: 
Collector Inlet 
3/8", 37" Flared Tube 
Outlet 
Body Inlet 
1/4", 37" Flared Tube 
Outlet 
Electromagnet 1/8·27 NPT 
The collector hoses should not apply stress to the collec-
tor, which is attached to the tube by a ceramic insulator. 
The hoses should be of insulating material to electrically 
isolate the collector from ground. Teflon-lined hoses are 
recommended to minimize coolant contamination. 
1. Attach the body coolant hoses to the electromagnet. 
The lower body hose connects to the upper fitting on 
the lower coil. The upper body hose connects to the 
lower fitting on the upper coil. 
2. Attach the coolant inlet to the lower fitting of the 
lower coil. The system should be designed to gravity 
drain from this inlet. Attach the coolant outlet to the 
upper fitting of the upper coil. 
NOTE 
A void stressing the tube du1ing Installation and 
removal of the coolant connections. Be su1e that 
the quick connect fittings have been locked into 
place. Avoid spilling the coolant. 
Electrical Connections - The most usual operating ar· 
rangement is with the tube body at ground potential. The 
heater is connected to the cathode internally to make 
sure the heater and cathode operate at the same de 
potential, thereby minimizing noise. Connections to the 
heater and cathode are made by means of flying leads. 
The common heater-cathode lead is white, and the other 
heater lead is yellow. 
If a de heater supply is used to minimize heater hum, con-
nect the common heater-cathode lead to the positive 
side of the heater supply. The heater supply should be in-
sulated to withstand the fuU beam voltage. 
1. Attach the white heater-cathode lead to the heater-
cathode connection. 
2. Attach the yellow heater 1lead to the heater supply. 
3. Attach the collector connection to the stud provided 
on the SIDE of the collector shell near the top. DO 
NOT ground to the collector shield sheU. 




DO NOT ATTEMPT TO OPERATE THIS TUBE UNTIL 
IT HAS BEEN DETERMINED THAT ALL PRECAU· 
TIONS HAVE BEEN TAKEN TO PROTECT PER· 
SONNEL FROM ALL HAZARDS PROTECTIVE 
DEVICES SUCH AS SHIELDS AND INTERLOCKING 
SWITCH CIRCUITS MUST BE IN OPERATION. 
REREAD AND COMPLY WITH ALL PRECAUTIONS 
AND PROCEDURES SPECIFIED IN THE 
"OPERATING HAZARDS" SECTION. 
Preliminary Check - Check the following conditions 
before applying voltages to the tube. 
1. Heater and cathode leads are connected correctly. 
2. Collector is connected to supply correctly. 
3. Tube body and magnet are grounded. 
4. Electromagnet connected correctly. 
1 5 .. Gun coil connected correct y. 
6 Arc-re·flected power protective circuitry and all in-
terlocks operating correctly. 
7 . Waveguide system connected to klystron output 
flange, pressure adjusted for proper operating value. 
8. Input/waveguide connected, ·pressure adjusted for 
proper operating value. 
NOTE 
It certain ptessurlzing gases such as Freon and 
sulphur hexafluoride are used, special precautions 
must be taken as highly toxic and corrosive com· 
pounds may form upon electrical or microwave 
breakdown. · 
NOTE 
It not connected Into the system, the Input and out· 
put flanges must be firmly attached to shielded 
waveguide terminations before beam voltage Is 
applied. 
9. Collector, body and electromagnet coolants are flow· 
lng/on. Check for leaks. 
1 0 • RF drive Is at correct frequency. 
WARNING 
HIGH VOLTAGE - VOLTAGES REQUIRED FOR 
OPERATION OF THIS TUBE ARE EXTREMELY 
DANGEROUS TO LIFE; EQUIPMENT MUST BE 
DESIGNED WITH PROTECTIVE INTERLOCK CIR· 
CUlTS TO MAKE PHYSICAL CONTACT WITH 
rHESE VOL. TAGES IMPOSSIBLE. SEE OPERATING 
HAZARDS SECTION. 
WARNING 
X·RAYS - THIS TUBE AlA Y PRODUCE 
DANGEROUS X-RADIATION DURING OPERATION. 
THE EQUIPMENT IN WHICH THIS TUBE IS USED 
MUST PROVIDE ADEQUATE X·RA Y SHIELDING 
AROUND THE TUBE. INCLUDING THE GUN 
REGION, FOR THE PROTECTION OF PERSON· 
NEL. BOTH TUBE AND SYSTEM MUST NEVER BE 
ALTERED IN ANY WAY WHICH MIGHT DECREASE 
SHIELDING. RADIATION LEVELS SHOULD BE 
CHECKEI) PERIOD/CALLY TO ENSURE SAFE 
OPERATING CONDITIONS AND COMPLIANCE 
WITH STATUTORY AND REGULATORY RE· 
QUIREMENTS. NEVER APPLY BEAM VOLTAGES 
WITHOUT HAVING X·RA Y SHIELDING IN PLACE. 
X·RA YS ARE DEADLY AND CANNOT BE 
DETECTED EXCEPT WITH SPECiJAL EQUIPMENT. 
SERIOUS EXPOSURE MAY OCCUR WITHOUT PER· 
SONNEL BEING A WARE. SERIOUS PERSONAL IN· 
JURY OR DEATH MAY OCCUR AT SOME LATER 
DATE AS A CONSEQUENCE. 
WARNING 
RF RADIATION - THIS TUBE IS DESIGNED T.O 
PRODUCE HIGH ENERGY RF RADIATION. EVEN 
LOW LEVELS OF RF RADIATION CAN BE HAZAR· 
DOUS TO HUMAN HEALTH. PRECAUTIONS MUST 
BE TAKEN TO PREVENT EXPOSURE OF PERSON· 
NEL TO THE STRONG RF FIELDS GENERATED BY 
THIS TUBE. RF RADIATION DUE TO LEAKAGE AT 
THE WAVEGUIDE FLANGE SHOULD BE 
PREVENTED BY MAKING GOOD RF OUTPUT CON· 
NECTIONS. NEVER OPERATE THIS TUBE 
WITHOUT J!IAVING AN APPROPRIATE ENERGY 
ABSORBING LOAD ATTACHED. NEVER LOOK IN· 
TO AN OPEN WAVEGUIDE OR ANTENNA WHILE 
THIS TUBE IS ENERGIZED. 
Application .of Voltages - Recommended operating 
voltages and currents are shown on the Test Perfor-
mance Sheet which accompanies each tube. 
1. Apply reduced heater voltage 1if possible. Increase 
the voltage slowly to the value specified on the Test 
Performance Sheet. Surge current should never ex-
ceed 5 amperes. Allow at 1east 10 minutes for the 
cathode to warm up. The heater current should -be 
approximately the value specified on the Test Perfor-
mance Sheet. 
2. Turn on the electromagnet power supply and set the 
focusing current to the value shown on the Test Per-
t
formance Sheet. Set thehauc co i 1 current to he value snown on t e lest Pertormance 
Sheet. · 
3. AppJy reduced beam voltage (about 1/2 normal) and 
observe the operating conditions. As soon as the 
beam current has stabilized, gradually increase the 
beam voltage to the full operating value. 
4. Apply nameplate rt drive and check power output 
and body current. 
5. Trim magnet current for minimum body current. 
Removal of Voltages 
CAUTION 
FOR NORMAL SHUTDOWN AND/OR IN THE 
EVENT OF A POWER INTERRUPTION," THE 
POWER SUPPLY DESIGN MUST INSURE THAT 
ADEQUATE ELECTROMAGNET CURRENT IS 
MAINTAINED (APPROXIMATELY 50 WATTS 
MINIMUM OF MAGNET POWER FOR EACH kV OF 
BEAM VOLTAGE) UNTIL BEAM VOLTAGE IS 
SUBSTANTIALLY ZERO. DAMAGE TO THE TUBE 
MAY RESULT IF THESE PRECAUTIONS ARE NOT 
TAKEN. 
It is preferable to remove beam voltage first. Then remove 
heater voltage, RF drive, and the magnet. 
If you have tube trouble ... please check the following 
things before .. giving up,. 
1. Recheck all protection circuits for proper operation. 
2. Recheck all operating voltages and currents to verify 
their correspondence with those recorded on that 
serial-numbered tubeJs Test Performance Sheet 
(supplied with the tube In its packing case). If a tube 
has gone "down to air'' its heater current will be 
about 25% higher than the value recorded on the 
Test Performance Sheet at its specified heater 
voltage. 
3. Check operation at reduced beam duty cycle. 
(Sometimes tubes require slow .. seasoning" after an 
extended storage pertod before full power operation 
can be performed stably.) 
WARNING 
DO NOT HI-POT WrrHOUT SPECIFIC INSTRUC· 
TIONS FROM THE MANUFACTURER. 
WARRANTY CLAIM FORM 
Before any product Is returned for repair and/or adjust-
ment, written authorization from Varian for the return and 
instructions as to how and where the product should be 
shipped must be obtained. The product type and serial 
numbers and a full description of the circumstances glv· 
ing rise to the warranty claim should be Included. Such 
Information will help establish the cause of faUure and 
expedite adjustment or repair. For this purpose, a War-
ranty Claim Form is shipped with each product. 
TRANSPOATAT10N AND STORAGE 
Use the original packing case for both transporting and 
stortng the tube. The tube should be stored In the pack-
Ing case when not In service. Before placing in the pack-
Ing case, drain the tube and blow out the remaining 
coolant with warm, dry air. 
The protective covers for the input and output flange 
should be in place whenever the tube is not installed. The 
tube should not be exposed to an Icing or salt spray en-
vtronment during storage. Tubes should be placed at 
least 12 Inches apart to keep their magnetic fields from 
affecting each other. 
SUMMARY OF SPECIF1CAT10NS FOR OPERAT1NG INSTRUCTIONS 
I 
Min warm-up time of heater before applying beam voltage 
Max heater surge current 
Max inlet coolant temperature 
Max static pressure in coolant system 
Max reflected power 
Max VSWR at 1.0 kilowatt output 
Min pressure in output waveguide (recommended) 
Input/Output waveguide flange • mate with UG-599 
Coolant fittings: 
Collector - Inlet/Outlet 
Body· Inlet/Outlet 
Electromagnet • Inlet/Outlet 











125 psi a 
12 watts 
1.25:1 






PROPER USE AND SAFE OPERATING PRACTICES WITH 
RESPECT TO MICROWAVE TUBES ARE THE RESPONSI-
BILITY OF EQU IPMENT MANUFACTURERS AND USERS 
OF SUCH TUBES. VARIAN PROVIDES INFORMATION 
ON ITS PRODUCTS AND ASSOCIATED HAZARDS, BUT IT 
ASSUMES NO RESPONSIBI'LITY FOR AFTER-SALE OP-
ERATING AND SAFETY PRACTICES. LIMITED LIFE AND 
RANDOM FAILURESAR'E INHERENT CHARACTERISTICS 
OF ELECTRON TUBES. TAKE APPROPRIATE ACTION 
THROUGH REDUNDANCY OR OTHER SAFEGUARDS TO 
PROTECT PERSONNEL AND PROPERTY FROM THE 
CONSEQUENCES OF TUBE FAILURE. 
ALL PERSONS WHO WORK WITH OR ARE EXPOSED TO 
MICROWAVE TUBES OR EQUIPMENT WHICH UTILIZES 
SUCH TUBES MUST TAKE PRECAUTIONS TO PROTECT 
THEMSELVES AGAINST POSSiBLE SERIOUS BODILY 
INJURY. DO NOT BE CARELESS AROUND-SUCH PRO-
DUCTS. 
OPERATING INSTRUCTIONS 
This sheet, the Test Performance Sheet and the Operating 
Instructions can help you to operate this tube safely and 
efficiently. READ THEM. The Test Performance Sheet is a 
record of individual product test conditions and test results 
at the factory. Special operating considerations and precau-
tions will be found in the Operating Instructions. Unin-
formed or careless operation of this tube can result in poor 
performance, damage to the tube or other property, serious 
bodily injury and, possibly death. 
Address written questions regarding tube operation to the 
Manager, Tube Sales, at the address at the bottom of this 
sheet. 
WARNING - SERIOUS HAZARDS EXIST IN THE OPERA-
TION OF MICROWAVE TUBES 
The operation of microwave tubes involves one or more of the 
following hazards, any one of which, in the absence of safe 
operating practices arid precautions, CO!Jid result in serious 
harm to personnel: ·· 
a. HIGH VOLTAGE - Normal operating voltages can be 
deadly. 
b. RF RADiATION- Exposure to rf radiation may cause 
serious bodily injury possibly resulting in blindness or 
death. Cardiac pacemakers may be affected. 
c. X-RAY RADIATION - High voltage tubes can produce 
dangerous, possibly fatal, x-rays. 
d. BERYLLIUM OXIDE POISONING- The dust or fumes 
from beryllium oxide (BeO) ceramics used in microwave 
tubes are highly toxic and can cause serious injury or 
death. 
e. CORROSIVE AND POISONOUS COMPOUNDS- If a 
dielectric gas is used in the external waveauide or around 
the high voltage bushing portions of microwave tubes, 
highly toxic or corrosive compounds may be produced 
by either R F voltage breakdown or high voltage DC 
breakdown. 
f. IMPLOSION HAZARD - Ceramic windows in micro-
wave tubes can shatter on impact or crack in use, possi-
bly resulting in injury from flying particles or from beryl-
lium oxide (BeO) dust or fumes. 
g. HOT COOLANT AND/OR STEAM - The electron 
collector and water used to cool it reach scalding tem-
peratures. Touching or rupture of tl=le cooling system can 
cause serious burns. 
h. HOT SUR FACES- Surfaces of air-cooled collectors and 
other parts of tubes can reach temperatures of several 
hundred degrees centigrade and cause serious burns if 
touched. 
Additional specific information about microwave tube hazards: 
HIGH VOLTAGE 
Many microwave tubes operate at voltages high enough to kill 
through electrical shock. Design equipment utilizing these 
tubes to prevent personnel contact with high voltages. Secure-
ly attach prominent hazard warnings. Personnel should always 
break the primary circuits of the power supply and discharge 
high voltage condensers when direct access to the tube is re-
quired. 
RADIO ~FREQUENCY RADIATION 
EXPOSURE OF PERSONNEL TO RF RADIATION SHOULD 
BE MINIMIZED. PERSONNEL SHOULD NOT BE PER-
MITTED IN THE VICIN ITY OF OPEN ENERGIZED WAVE-
GUIDES OR ENERGIZED ANTENNAS. It is generally 
accepted that exposure to "high levels" of rf radiation can re-
sult in severe bodil,y injury including blindness. Cardiac pace-
makers may be affected. 
The effect of prolonged exposure to "low-level" rf radiation 
continues to be a subject of investigation and controversy. 
While there continues to be support for lower limits, it is 
generally agreed among official standard-setting groups in the 
U.S. that prolonged exposure of personnel to rf radiation at 
frequencies of 10 MHz - 100 GHz should be limited to 
average power densities of ten milliwatts per square centi-
meter (10 mW/cm 2 ) or lower,· using, any possible one tenth 
of an hour (.1 hour) as the averaging period. It is also gener-
ally agreed that exposure should be reduced in working areas 
where temperatures are above normal. The 10 mW /cm 2 
average level has been adopted by several U.S. Government 
agencies including the Occupational Safety and Health Ad-
ministration (OSHA) as the standard or protection guide fur 
employee work places. 
ALL INPUT AND OUTPUT RF CONNECTIONS, WAVE· 
GUIDES, FLANGES AND GASKETS MUST BE RF LEAK-
PROOF. NEVER OPERATE A MICROWAVE TUBE WITH-
OUT A PROPERLY MATCHED RF ENERGY ABSORBING 
LOAD ATTACHED. NEVER LOOK INTO OR EXPOSE 
ANY PART OF THE BODY TO AN ANTENNA OR OPEN 
WAVEGUIDE WHILE THE TUBE IS ENERGIZED. MO~JI­
TOR THE TUBE AND RF SYSTEM FOR RF RADIATION 
LEAKAGE AT REGULAR INTERVALS AND AFTER 
SERVICING. 
X-RAY RADIATION 
As voltages increase beyond 15 kilovolts metal-body tubes c:re 
capable of producing progressively more dangerous X-ray 
radiation. Provide adequate X-ray shielding on all sides of 
these tubes, particularly the cathode and collector ends, as 
well as the modulator and pulse transformer tanks. Check 
X-ray levels. NEVER OPERATE HIGH VOLTAGE TUBES 
WITHOUT ADEQUATE X-RAY SHIELDING IN PLACE. 
MONITOR THE TUBE AFTER SERVICING AND AT REGU· 
LAR INTERVALS FOR POSSIBLE CHANGES IN X-RAY 
LEVELS DUE TO AGING. 
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DANGER - BERYLLIUM OXIDE CERAMICS (BeO) -
AVOID BREATHING DUST OR FUMES 
Some microwave tubes contain beryllium oxide (BeO) ceram-
ics; usually the output waveguide window or around the cath-
ode. Do not perform any operations on BeO ceramics which 
produce dust or fumes; for example, grinding, grit blasting, 
and acid cleaning. BERYLLIUM OXIDE DUST AND FUMES 
ARE HIGHLY TOXIC AND BREATHING THEM CAN RE· 
SULT IN SERIOUS PERSONAL INJURY OR DEATH. If a 
broken window is suspected, carefully remove the tube from 
its waveguide and seal the output flange of the tube with 
tape. Because BeO warning labels may be obliterated or re-
moved, we urge you to contact Varian before performing 
any work on ceramics in any Varian microwave tube. Some 
tubes have BeO internal to the vacuum envelope. 
Take precautions to protect personnel working in the dispo-
sal or salvage of tubes containing BeO. All such personnel 
should be made aware of the deadly hazards involved and the 
necessity for great care and attention to safety precautions. 
Varian will dispose of tubes without charge provided they 
are returned to Varian freight prepaid, with a written re-
quest for disposal by Varian. 
CORROSIVE AND POI1SONOUS COMPOUNDS 
External output waveguides and cathode high voltage bush-
ings of microwave tubes are sometimes operated in systems 
that use a dielectric gas to impede microwave or high voltage 
breakdown. If breakdown does occur, the gas may decom-
pose and combine with impurities, such as air or water vapor, 
to form highly toxic and corrosive compounds. Exa~ples are 
Freon gas which may form LETHAL PHOSGENE, and sulfur 
hexafluoride (SF 6 ) gas which may form highly toxic and 
corrosive sulfur or fluorine compounds such as BERYLLIUM 
FLUORIDE. When breakdown does occur in the presence of 
these gases, VENTI LATE THE AREA TO OUTSIDE_ AIR, 
AVOID BREATHING ANY FUMES OR TOUCHING ANY 
LIQUIDS WHICH DEVELOP, TAKE PRECAUTIONS AP-
PROPRIATE FOR BERYLLIUM COMPOUNDS AND FOR 
OTHER HIGHLY TOXIC AND CORROSIVE SUBSTANCES, 
before permitting personnel to perform any work on or near 
the tube. If a coolant other than pure water is utilized follow 
the precautions supplied by the coolant manufacturer. 
IMPLOSION HAZARD 
Due to the internal vacuum in microwave tubes the gla~ or 
ceramic output window can shatter inward .(implode) if 
struck with a hard object or subjected to mechanical shock. 
Flying debris could result in bodily injury, including cuts 
and puncture wounds and, if made of BERYLLIUM OXIDE 
ceramic, produce highly toxic dust or fumes. DO NOT 
BREATHE SUCH DUST OR FUMES. 
HOT COOLANT AND/0 R STEAM 
EXTREME HEAT occurs in the electron collector portion of 
microwave tubes during operation. Coolant channels used for 
cooling also reach high temperatures {as high as boiling, 1 00°C 
or above), and the hot coolant is under pressure (typically as 
high as 100 psi). Some collectors are cooled by boiling the 
coolant and forming steam. 
A rupture of the coolant channel or the coolant or steam line 
or other contact with hot portions of this tube could scald 
or burn. Carefully check that all fittings and connections are 
secure and monitor backpressure for changes in cooling sys-
tem performance. Replace any defective fittings and tighten 
any loose fittings or connections. If backpressure is increas-
ing above normal operating values shut the system down and 
clear the restriction. 
HOT SURFACES 
The electron collector portion of microwave tubes is often 
air-cooled or conduction-cooled. The air-cooled external 
surface normally operates at a high temperature (typically 
200° to 300°C). Other portions of the tube may also reach 
high temperatures, especially the cathode insulator and the 
cathode/heater surfaces. All hot surfaces may remain hot for 
an extended time after the tube is shut off. To prevent serious 
burns, take care to prevent and avoid any bodily contact with 
these surfaces both during and for a reasonable cool-down 




• vCJr1an VA-928A 
611 hansen way 
palo alto, california 
EO 10-59797 
JUly 20, 1972 
SPECIFICATION 
TYPE VA-928A KLYSTRON AMPLJFIE~ 
Oesc:rlptlon: Series of C\1 Klystron Amplifiers, 1000 watts, 30 to 36 GHz, Six Integral 
Cavities, Elec:tromagnet Focusing, ~avegulde Input and Output, Liquid Cooling. 























Co I 1 ec:tor 
Eb lk Dissipation 
kVdc: Adc: kW 
12 1.2 1~ 
Coolant Flow (\.later~ 
Collector Body Magnet 
gpm gpm gpm 
6 2 o.s 
Note s 
Test Cond: Ef Eb Load VSWR tk Col lector \.later Flow 
v kYdc minutes gpm 
s.s 12.0 I. I: I (max) 10 6 
Note 5 
Mounting Position: Any Cooling: Liquid; Note S 
F'ocuslng: YA-1928 Electromagnet o,J_ £1>1~-?J'-]) 




~ 1m. CondIt Ions 
(3.6.4) Harking Per Contract 
lt.8.S Holding Period t • 168 hours 
QUALITY CONFORMANCE INSPECTION, PART I 
[o-30 (b)(l D Dimensions Per Outline Dr.w_l ng, 
1301 Heater Current 
1256 Cathode Current 
Power Output Pd • 10 mW 
Fo • Note 6 
Bandwidth ( -3 dB) Power Output 
Note 7 
QUALITY CONFORMANCE INSPECTION, PART 3 
(lt.6.6) Servf ce Life Guarantee Per Contract 
(lt.6.2) Service Ll fe End Point Power Output 
/ 5 /'-' / ' I, :_ ;-
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Reference numbers not enclosed In parentheses refer to paragraphs In "HIL-ST0-1311A, Test Methods 
for Electron Tubes". References shown In · parentheses refer to paragraphs In "MIL-E-IG, HI I I tary 
Specification for Electron Tubes". · Only those paragraphs of 111L-ST0-1311A and HIL-£-IG 
referenced In this specification shall apply. 
Hot• 1: The absolute ratings are values which are not to be exceeded under any service 
conditions. These ratings are limiting values beyond which the serviceability of any 
Individual tube may be Impaired. In order not to exceed absolute ratings, the 
designer has the responsibility of determining an average design value for each rating 
relative to the absolute value of that rating by a safety factor so that the absolute 
values will never be exceeded under any usual conditions of supply-voltage variation, 
load variation, or manufacturing variations In the equipment Itself. It does not 
necessarily follow that combinations of absolute maximum ratings can be attained 
s fmu 1 taneous ly. 
Note 2: All voltages except the heater voltage are referenced to the cathode, except as 
specified otherwise. 
Note 3: The posltlv• side of the heater supply must be connected to the heater-cathode 
terl'lli nal. 
Note 4:· Heater voltage must be appl fed gradually or else there must be sufficient reactance 
In the heater supply circuit to limit the surge current to the specified value. 
~te S: The maximum ooolant pressure drop le SO psi. 
Note 6: The tube Is factory tuned to any center frequency between 30 and 36 GHz. 
Note 7:. Bandwidth Is defined as the difference In frequency (AF) between the half-power points. 
~ ~ 
With the tube operating at optimum output power and the drive power held constant, 
the drive frequency shall be varied both upward and downward to reduce output power 
t~ half Its original value In each case. 
·-.. .,.._, 
~.:. ... ?_,....,.___..,.._ ..")r 
,. 
PROPER USE AND SAFE OPERATING PRACTICES WITH 
RESPECT TO MICROWAVE TUBES ARE THE RESPONSI-
BILITY OF EQUIPMENT MANUFACTURERS AND USERS 
OF SUCH TUBES. VARIAN PROVIDES INFORMATION 
ON ITS PRODUCTS AND ASSOCIATED HAZARDS, BUT IT 
ASSUMES NO RESPONSIBILITY FOR AFTER-SALE OP-
ERATING AND SAFETY PRACTICES. LIMITED LIFE AND 
RANDOM FAILURESARE INHERENT CHARACTERISTICS 
OF ELECTRON TUBES. TAKE APPROPRIATE ACTION 
THROUGH REDUI\JDANCY OR OTHER SAFEGUARDS TO 
PROTECT PERSONNEL AND PROPERTY FROM THE 
CONSEQUENCES OF TUBE FAILURE. 
ALL PERSONS WHO WORK WITH OR ARE EXPOSED TO 
MICROWAVE TUBES OR EQUIPMENT WHICH UTILIZES 
SUCH TUBES MUST TAKE PRECAUTIONS TO PROTECT 
THEMSELVES AGAINST POSSIBLE SERIOUS BODILY 
INJURY. DO NOT BE CARELESS AROUND SUCH PRO-
DUCTS. 
OPERATING INSTRUCTIONS 
This sheet, the Test Performance Sheet and the Operating 
Instructions can help you to operate this tube safely and 
efficiently. READ THEM. The Test Performance Sheet is a 
record of individual product test conditions and test results 
at the factory. Special operating considerations and precau-
tions will be found in the Operating Instructions. Unin-
formed or careless operation of this tube can result in poor 
performance, damage to the tube or other property, serious 
bodily injury and, possibly death. 
Address written questions regarding tube operation to the 
Manager, Tube Sales, at the address at the bottom of this 
sheet. 
WARNING- SERIOUS HAZARDS EXIST IN THE OPERA-
TION OF MICROWAVE TUBES 
The operation of microwave tubes involves one or more of the 
following hazards, any one of which, in the absence of safe 
operating practices and precautions, could result in serious 
harm to personnel: 
a. HIGH VOLTAGE -Normal operating voltages can be 
deadly. 
b. RF RADIATION- Exposure to rf radiation may cause 
serious bodily injury possibly resulting in blindness or 
death. Cardiac pacemakers may be affected. 
c. X-RAY RADIATION- High voltage tubes can produce 
dangerous, possibly fatal, x-rays. 
d. BERYLLIUM OXIDE POISONING- The dust or fumes 
from beryllium oxide (BeO) ceramics used in microwave 
tubes are highly toxic and can cause serious injury or 
death. 
e. CORROSIVE AND POISONOUS COMPOUNDS- If a 
dielectric gas is used in the external waveauide or around 
the high voltage bushing portions of microwave tubes, 
highly toxic or corrosive compounds may be produced 
by either R F voltage breakdown or high voltage DC 
breakdown. 
f. IMPLOSION HAZARD - Ceramic windows in micro-
wave tubes can shatter on impact or crack in use, possi-
bly resulting in injury from flying particles or from beryl-
lium oxide (BeO) dust or fumes. 
g. HOT COOLANT AND/OR STEAM - The el,ectron 
collector and water used to cool it reach scalding tem-
peratures. Touching or rupture of the cooling system can 
cause serious burns. 
h. HOT SURFACES- Surfaces of air-cooled collectors and 
other parts of tubes can reach temperatures of several 
hundred degrees centigrade and cause serious burns if 
touched. 
Additional specific information about microwave tube hazards: 
HIGH VOLTAGE 
Many m1crowave tubes operate at voltages high enough to kill 
through electrical shock. Design equipment utilizing these 
tubes to prevent personnel contact with high voltages. Secure-
ly attach prominent hazard warnings. Personnel should always 
break the primary circuits of the power supply and discharge 
high voltage condensers when direct access to the tube is re-
quired. 
RADIO FREQUENCY RADIATION 
EXPOSURE OF PERSONNEL TO RF RADIATION SHOULD 
BE MINIMIZED. PERSONNEL SHOULD NOT BE PER-
MITTED IN THE VICINITY OF OPEN ENERGIZED WAVE-
GUIDES OR ENERGIZED ANTENNAS. It is generally 
accepted that exposure to "high levels" of rf radiation can re-
sult in severe bodily injury including blindness. Cardiac pace-
makers may be affected. 
The effect of prolonged exposure to "low-level" rf radiation 
continues to be a subject of investigation and controversy. 
While there continues to be support for lower limits, it is 
generally agreed among official standard-setting groups in the 
U.S. that prolonged exposure of personnel to rf radiation at 
frequencies of 10 MHz - 100 GHz should be limited to 
average power densities of ten mi lliwatts per square centi-
meter (10 mW/cm 2 ) or lower, using any possible one tenth 
of an hour (.1 hour) as the averaging period. It is also gener-
ally agreed that exposure should be reduced in working areas 
where temperatures are above normal. The 10 mW /em: 
average level has been adopted by several U.S. Government 
agencies including the Occupational Safety and Health Ad-
ministration (OSHA) as the standard or protection gu1de for 
employee work plates. 
ALL 11\IPUT AND OUTPUT RF CONNECTIONS, WAVE-
GUIDES, FLANGES AND GASKETS MUST BE RF LEAK-
PROOF. NEVER OPERATE A MICROWAVE TUBE WITH-
OUT A PROPER[Y MATCHED RF ENERGY ABSORBING 
LOAD ATTACHED. 1\IEVER LOOK INTO OR EXPOSE 
ANY PART OF THE BODY TO AI\J ANTENNA OR OPEN 
WAVEGUIDE WHILE THE TUBE IS ENERGIZED. MONI-
TOR THE TUBE AND RF SYSTEM FOR RF RADIATION 
LEAKAGE AT REGULAR INTERVALS AND AFTER 
SERVICING. 
X-RAY RADIATION 
As voltages 1ncrease beyond 15 kilovolts metal-body tubes are 
capable of producing progressively more dangerous X-ray 
radiation. Provide adequate X-ray shielding on all sides of 
these tubes, particularly the cathode and collector ends, as 
well as the modulator and pulse transformer tanks. Check 
X-ray levels. NEVER OPERATE HIGH VOLTAGE TUBES 
WITHOUT ADEQUATE X-RAY SHIELDING IN PLACE. 
MOI\IITOR THE TUBE AFTER SERVICING AND AT REGU-
LAR INTERVALS FOR POSSIBLE CHANGES IN X-RAY 
LEVELS DUE TO AGING. 
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DANGER - BERYLLIUM OXIDE CERAMICS (BeO) -
AVOID BREATHING DUST OR FUMES 
Some microwave tubes contain beryllium oxide (BeO) ceram• 
ics; usually the output waveguide window or around the cath-
ode. Do not perform any operations on BeO ceramics which 
produce dust or fumes; for example, grinding, grit blasting, 
and acid cleaning. BERYLLIUM OXIDE DUST AND FUMES 
ARE HIGHLY TOXIC AND BREATHING THEM CAN RE· 
SULT IN SERIOUS PERSONAL INJURY OR DEATH. If a 
broken window is suspected, carefully remove the tube from 
its waveguide and seal the output flange of the tube with 
tape. Because BeO warning labels may be obliterated or re-
moved, we urge you to contact Varian before performing 
any work on ceramics in any Varian microwave tube. Some 
tubes have BeO internal to the vacuum envelope. 
Take precautions to protect personnel working in the dispo-
sal or salvage of tubes containing BeO. All such personnel 
should be made aware of the deadly hazards involved and the 
necessity for great care and attention to safety precautions. 
Varian will dispose of tubes without charge provided they 
are returned to Varian freight prepaid, with a written re-
quest for disposal by Varian. 
CORROSIVE AND POISONOUS COMPOUNDS 
External output waveguides and cathode high voltage bush-
ings of microwave tubes are sometimes operated in systems 
that use a dielectric gas to impede microwave or high voltage 
breakdown. If breakdown does occur, the gas may decom-
pose and combine with impurities, such as air or water vapor, 
to form highly toxic and corrosive compounds. Examples are 
Freon gas which may form LETHAL PHOSGENE, and sulfur 
hexafluoride (SF6 ) gas which may form highly toxic and 
corrosive sulfur or fluorine compounds such as B,ERYLLJUM 
FLUORIDE. When breakdown does occur in the presence of 
these gases, VENT ILATE THE AREA TO OUTSIDE AIR, 
AVOID BREATH tNG ANY FUMES OR TOUCHING AI'JY 
LIQUIDS WHICH DEVELOP, TAKE PRECAUTIONS AP-
PROPR1ATE FOR BERYLLIUM COMPOUNDS AND FOR 
OTHER HIGHLY TOXIC AND CORROSIVE SUBSTANCES, 
Pub. No. 3386 2/80 
before perm1ttmg personnel to perform any work on or near 
the tube. If a coolant other than pure water is utilized follow 
the precautions supplied by the coolant manufacturer. 
IMPLOSION HAZARD 
Due to the internal vacuum in microwave tubes the glass or 
ceramic output window can shatter inward (implode) if 
struck with a hard object or subjected to mechanical shock. 
Flying debris could result in bodily injury, including cuts 
and puncture wounds and, if made of BERYLLIUM OXIDE 
ceramic, produce highly toxic dust or fumes. DO 1\JOT 
BREATHE SUCH DUST OR FUMES. 
HOT COOLANT AND/0 R STEAM 
EXTREME HEAT occurs in the electron collector portion of 
microwave tubes during operation. Coolant channels used for 
cooling also reach high temperatures (as high as boiling, 1 00°C 
or above), and the hot coolant is under pressure (typically as 
high as 100 psi). Some collectors are cooled by boiling the 
coolant and forming steam. 
A rupture of the coolant channel or the coolant or steam line 
or other contact with hot portions of this tube could scald 
or burn. Carefully check that all fittings and connections are 
secure and monitor backpressure for changes in cooling sys-
tem performance. Replace any defective fittings and tighten 
any loose fittings or connections. If backpressure is increas-
ing above normal operating values shut the system down and 
clear the restriction. 
HOT SURFACES 
The electron collector portion of microwave tubes is often 
air-cooled or conduction-cooled. The air-cooled external 
surface normally operates at a high temperature (typically 
200° to 300°C). Other portions of the tube may also reach 
high temperatures, especially the cathode insulator and the 
cathode/heater surfaces. All hot surfaces may remain hot for 
an extended time after the tube is shut off. To prevent serious 
burns, take care to prevent and avoid any bodily contact with 
these surfaces both during and for a reasonable cool-down 
period after tube operation. 
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